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PREFACE 


This  report  documents  the  COPE  methodology  and  computer  programs. 
Various  sections  of  this  report  are  aimed  at  different  audiences. 


Chapter  1  is  an  introduction  to  COPE  and  to  this  report. 

Chapters  2  and  3  are  intended  for  the  analyst  who  is  concerned 
with  the  modeling  methodology  and  assumptions. 

Chapters  4,  5,  6,  7,  14,  15,  and  16  are  aimed  at  the  user  who 
wants  to  use  the  COPE  model  and  its  preprocessors  in  production  runs,  but 
who  is  not  interested  in  programming  details. 


Chapters  8,  9,  10,  11.  12,  and  13  are  intended  for  the  programmer 
who  wants  a  thorough  understanding  of  the  COPE  computer  code  in  order  to 
implement  it  on  other  machines  or  simply  to  make  changes  to  it. 


The  first  four  appendixes  (A,  B,  C,  and  D)  include  program 
listings  and  sample  cases.  The  sample  cases  are  cumulative  in  the  sense 
that  the  three  PAM  sample  input  sets  should  be  run  using  respectively  the 
three  PAM  sample  runstr earns  before  running  the  PREPMS  program.  The  sample 
PREPMS  case  should  then  be  run  using  the  TAPE  11  created  by  the  PAM  runs 
(this  will  result  in  the  output  of  Appendix  C).  Finally,  the  COPE  sample 
case  should  be  run  using  the  TAPE  11  created  by  PAM  and  PREPMS  (this 
should  result  in  the  output  of  Appendix  D).  Running  these  sample  cases 
and  comparing  the  results  with  those  in  the  appendixes  provide  a  check 
for  correct  implementation  of  COPE  and  its  preprocessors  on  other  machines. 

If  discrepancies  are  found  in  this  publication  or  the  associated 
software,  please  send  notice  to: 


Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-GS  (Mr.  R.  Sandmeyer) 

Aberdeen  Proving  Ground,  MD  21005 

Suggestions  for  improvements  to  this  report  or  the  associated 
programs  may  also  be  sent  to  the  above  address. 

In  addition,  requests  for  magnetic  tape  copies  of  the  COPE 
programs  and  related  files  should  be  sent  to  the  same  address  along  with 
the  appropriate  paperwork  for  such  requests. 

This  report  may  be  updated  by  the  issuing  of  revised  pages. 

The  frequency  of  such  updates  will,  of  course,  depend  on  the  number  of 
errors  requiring  correction,  the  changes  made  in  the  model,  and  the  demand 
for  the  report.  Those  desiring  to  maintain  the  latest  versions  of  the 
report  and  the  programs  should  be  certain  that  they  are  on  the  COPE 
distribution  list  to  be  maintained  by  AMSAA. 


Next  page  is  blank. 
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note  on  classification 


This  report  is  unclassified,  however,  when  the  COPE  model  is 
used  for  actual  production  runs,  it  requires  some  classified  The 

inputs  used  in  the  sample  cases  (see  ^PPf^ixes)  are  correct  data  except 
for  false  values  which  have  been  inserted  in  place  of  those  data  wnose 
correct  values  are  classified. 

In  addition,  comment  cards  with  the  characters  "CSEC"  columns 
1-4  point  out  places  in  the  program  code  where  fictitious  constants  ha  e 
been  Substituted  to  replace  classified  values  in  the  listings  of  PAM  and 
COPE  (Listings  A-1  and  D-1). 

The  following  data  are  classified  (at  the  time  of  publication 
of  this  report)  when  correct  values  are  used  and  identified  as  such: 

In  the  PAM  program:  ETH,  THEMH,  and  DISMH  are  classified  by 
Reference  1  below.  ED  is  classified  by  Reference  2. 


In  PREPMS  and  COPE  programs,  the  values  of  PE,  RNGTTF,  and 
PKTBL,  as  well  as  the  true  seeker  sensitivity  value,  are  all  classified 
by  Reference  1 . 


^Security  Classification  Guide,  Projectile, 
Guided,  XM712,  (CLGP),  dated  24  July  1979. 
^Security  Classification  Guide,  Ground  Laser 
16  June  1978. 


155mm,  Cannon  Launched, 
Designators,  dated 
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CHAPTER  1 


1.  INTRODUCTION 

1.1  COPE  Background. 

Traditionally  the  item  level  performance  of  a  weapon  system  has 
been  expressed  in  terms  of  the  firepower  characteristics  of  the  weapon. 

The  weapon  characteristics  normally  included  in  the  computation  of  firepower 
were  range,  accuracy,  lethality,  and  rate-of-f ire.  With  the  introduction 
of  more  sophisticated  weapons,  an  awareness  of  the  need  to  include  additional 
factors  in  the  assessment  of  a  weapon's  performance  has  emerged  at  both  the 
decision  and  R&D  levels.  These  additional  factors  have  collectively  been 
referred  to  as  the  "Battlefield  Environment"  and  include  natural  phenomena 
as  well  as  conditions  imposed  on  the  system  by  friendly  and  enemy  forces. 

The  need  for  quantifying  a  weapon  system's  performance  within  the 
battlefield  environment  recently  became  most  critical  with  the  development 
of  the  155mm  XM712  COPPERflEAD  artillery  projectile.  To  study  its  potentially 
degraded  performance  under  some  battlefield  environments,  AMSAA  developed  a 
computer  model  which  is  known  by  the  acronym  COPE  (COPPERHEAD  Operational 
Performance  Evaluation). 

In  addition  to  being  a  model  for  assessing  the  performance  of  a 
weapon  system,  the  model  and  the  manner  of  generating  the  input  requirements 
constitute  a  novel  approach  to  the  evaluation  of  weapon  systems.  This 
approach  results  in  a  manner  of  assessing  the  performance  of  most  weapon 
systems  and  potentially  can  quantitatively  produce  insight  into  the 
performance  of  one  or  more  weapon  systems  which  previously  could  only  be 
treated  subjectively. 

This  report  describes  the  COPE  model  as  currently  used  at  AMSAA 
for  the  assessment  of  COPPERHEAD.  AMSAA  has  modified  the  computer  code  to 
obtain  models  that  analyze  the  performance  of  other  weapon  systems  within 
the  context  of  a  COPE  type  "operational  performance"  analysis.  The  term 
COPE  itself  has  now  come  to  have  two  meanings:  (1)  "Combat  Operational 
Performance  Evaluation"  which  is  the  generic  name  for  all  of  the  derivative 
models  of  the  original  COPPERHEAD  version  and  (2)  "COPPERHEAD  Operational 
Performance  Evaluation"  which  is  the  first  model  in  this  family  of  "Opera¬ 
tional  Performance"  models  and  is  the  one  described  in  this  report. 

The  models  in  the  COPE  family  include: 

(1)  COPPERHEAD  Operational  Performance  Evaluation  (COPE)  used  to 
evaluate  the  XM712  COPPERHEAD  artillery  round, 

(2)  Tank  Performance  Evaluator  (TAPE)  used  as  part  of  the  XM1 
tank  evaluation, 

(3)  TOW  Operational  Performance  Evaluator  (TOPE)  used  to  evaluate 
the  TOW  anti-tank  missile. 
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(4)  SADARM  Operational  Performance  Evaluator  (SOPE)  used  to 
evaluate  the  proposed  SADARM  artillery  round, 

(5)  Top  Attack  Evaluation  Model  (TAEM)  used  to  evaluate  candidates 
in  the  Top  Attack  Study, 

(6)  Ground  Launched  HELLFIRE  Operational  Performance  Evaluation 
(GLHOPE)  used  to  evaluate  ground  launched  HELLFIRE, 

(7)  RPVCOPE  used  to  evaluate  COPPERHEAD  when  designation  was 
performed  by  an  RPV,  and, 

(8)  HELLFIRE  Operational  Performance  Evaluation  (HOPE)  used  to 
evaluate  HELLFIRE  launched  from  helicopters. 

The  input  requirements  for  these  models  range  from  moderate  to 
massive.  The  TAPE  and  TOPE  models  for  example  require  no  preprocessors  and 
take  less  input  than  the  COPPERHEAD  version.  The  TAEM  program,  on  the 
other  hand,  requires  as  input  results  generated  by  the  very  costly,  long 
running,  TGSM  (Terminally  Guided  Submunition  Model)  program. 

This  report  is  concerned  only  with  the  COPE  model  (in  all  remaining 
sections  of  this  report,  COPE  shall  have  its  second,  narrower  meaning: 
"COPPERHEAD  Operational  Performance  Evaluation");  however,  much  of  what  is 
discussed  applies  to  the  other  models  in  the  family.  Any  of  the  models  of 
the  COPE  family  can  be  obtained  from  AMSAA,  though  at  the  present  time  only 
the  COPPERHEAD  and  tank  versions  have  been  extensively  documented. 

1.2  Overview  of  COPE  Computer  Programs. 

There  are  actually  four  computer  programs  used  in  the  COPPERHEAD 
Operational  Performance  Evaluation.  They  are: 

(1)  The  main  COPE  program  (formerly  called  SLATCH  for  Simple  Look 

at  the  COPPERHEAD)  descended  from  the  original  proposal  put  forward  by  DUSA-OR. 

(2)  The  PAM  (probability  of  Seeker  Acqui sition  and  Round  Maneuver) 
model  used  to  create  the  probability  of  engagement  tables  used  as  input  to 
the  main  COPE  program.  This  model  is  described  and  documented  more  thoroughly 
in  a  forthcoming  AMSAA  technical  report. 

(3)  The  PREPMS  (Preprocessor  Mass  Storage)  program  that  is  used 
to  create  and  modify  the  word  addressable  mass  storage  file  used  as  the 
COPE  "data  base". 

(4)  The  PRBLOS  (probability  of  pine-pf-pight)  model  used  to  obtain 
the  probability  of  having  1 ine-of-sight  for  the  terminal  phase  of  the 
COPPERHEAD  trajectory. 
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All  four  of  these  programs  are  documented  in  this  report,  though 
the  PAM  model  is  covered  in  much  less  detail  than  the  other  three  since  a 
more  detailed  treatment  of  it  will  be  published  in  a  separate  report. 

The  relationships  among  the  four  programs  and  the  word  addressable 
"data  base"  file  are  shown  in  Figure  1-1. 

The  major  data  sets  (called  "data  blocks"  later  in  this  report) 
are  put  on  the  data  base  by  PAM  and  PREPMS.  Then  when  one  wishes  to  run 
COPE,  it  is  necessary  only  to  submit  a  string  of  simple  input  commands 
describing  the  cases  to  be  run.  For  example,  when  running  a  case  using 
December  weather  for  0600  (6  a.m.),  one  need  merely  submit  a  card:  WEATHER, 
DECEMBER,  0600  rather  than  read  in  thirty  or  forty  cards  filled  with  the 
appropriate  weather  data.  This  arrangement  makes  it  extremely  simple  to 
run  many  cases  of  COPE  with  relatively  few  input  cards  once  the  data  base  file 
has  been  created. 

In  the  event  that  one  wishes  to  run  cases  that  use  a  data  set  not 
on  the  data  base  file,  there  is  a  "temporary"  option  that  allows  one  to 
read  the  data  into  COPE  directly;  however,  if  one  intends  to  run  multiple 
cases  with  such  data,  it  will  be  easier  in  the  long  run  to  read  it  onto  the 
permanent  data  base  file  once  using  the  PREPMS  program  and  then  "call  it 
up"  for  use  as  necessary  in  COPE  by  submitting  the  appropriate  single  card 
command. 

A1 1  four  programs  are  written  in  CPC  FORTRAN  Extended  Versi on 
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CHAPTER  2 


2.  DESCRIPTION  OF  COPPERHEAD  MISSION  MODELING 
2.1  Application  Area  of  Simulation. 

The  main  COPE  program  is  a  simulation  of  a  COPPERHEAD  fire 
mission  under  battlefield  conditions.  It  takes  into  account  such  de¬ 
grading  effects  on  designator,  fire  direction  center  (FDC),  artillery 
battery,  and  COPPERHEAD  round  performance  as  meteorological  condi¬ 
tions,  terrain  shielding,  smoke,  dust,  enemy  artillery  preparatory 
fires,  enemy  direct  fire  against  the  designator,  communication  fail¬ 
ures,  and  target  location  error  as  well  as  numerous  factors  that 
affect  copperhead's  ability  to  engage  and  hit  a  target. 

The  main  COPE  program  was  designed  to  evaluate  the  oper¬ 
ational  performance  of  the  overall  COPPERHEAD  system  under  battle¬ 
field  conditions. 

The  output  of  the  program  enables  one  to  see  which  factors 
contribute  most  to  the  degrading  of  COPPERHEAD  system  performance  and 
which  are,  therefore,  areas  in  which  performance  improvement  efforts 
should  be  concentrated. 

In  addition,  by  varying  the  input  value(s)  associated  with  a 
particular  factor  and  then  studying  the  results,  one  can  perform  the 
customary  sensitivity  analysis.  A  series  of  such  analyses  can  be 
expected  to  show  that  changes  (within  realistic  limits)  in  some 
factors  have  little  effect  on  overall  system  operational  performance 
whereas  changes  in  other  factors  will  result  in  major  performance  im¬ 
provement  or  degradation. 

By  comparing  those  factors  to  which  system  operational 
effectiveness  is  most  sensitive  with  those  factors  over  which  system 
designers  and  tacticians  have  some  control,  one  can  determine  what,  if 
any,  design  changes  or  employment  doctrine  changes  might  be  made  to 
improve  overall  COPPERHEAD  system  operational  performance.  This 
comparison  and  analysis,  of  course,  is  done  outside  the  COPE  program, 
but  the  resulting  modified  COPPERHEAD  system  and  employment  doctrine 
might  then  be  evaluated  in  the  COPE  model  or  a  descendant  of  it. 

Finally,  several  derivative  models  have  been  developed  from 
an  earlier  COPE  program  (SLATCH  version  3.2)  and  are  in  use  for 
evaluating  tanks,  TOW,  and  Hellfire  under  battlefield  conditions. 

These  models  allow  limited  but  informative  comparisons  of  the 
operational  performance  of  the  different  weapon  systems. 
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2.2  Description  of  Model. 


2.2.1.  Outline  of  COPPERHEAD  Mission.  The  heart  of  the  main 
COPE  program  is  the  Monte  Carlo  simulation  of  a  potential  COPPERHEAD  fire 
mission.  This  simulation  consists  of  a  series  of  steps  that  would  occur 
in  an  actual  COPPERHEAD  fire  mission.  For  a  successful  mission,  these 
steps  start  with  the  unmasking  from  terrain  shielding  of  a  target  and  end 
with  the  killing  of  a  target  by  COPPERHEAD.  For  an  unsuccessful  mission, 
the  steps  end  before  the  target  is  killed. 

The  steps  are  grouped  into  three  series  bounded  by  four  major 
events.  The  following  outline  gives  the  four  major  events  as  well  as  the 
steps  (or  tests)  that  must  be  passed  to  reach  the  next  major  event.  All 
steps  and  events  occur  in  the  order  listed. 

This  describes  the  tests  when  the  so-called  "shooting  gallery" 

1 ine-of-sight  model  is  used.  Following  the  list  is  a  description  of  the 
modifications  required  when  the  "random  occurrence"  1 ine-of-sight  model  is 
used. 


Event  1.  A  target  (one  or  more  target  vehicles)  unmasks 
(i.e.,  enters  a  region  within  1 ine-of-sight  of  the  desig¬ 
nator  operator's  position).  This  is  termed  an  "occasion" 
and  begins  the  simulation  of  the  potential  COPPERHEAD 
mission. 

Test  1:  Has  the  designator  operator  survived  enemy  pre¬ 
paratory  artillery  fires  up  to  the  present  time? 

Test  2:  Is  the  target  within  the  meteorological  visibil¬ 
ity  range  limit  of  the  designator  operator  for  the  present 
weather  conditions? 

Test  3:  Is  the  target  within  the  designation  range  of  the 
laser  designator  system  being  played? 

Test  4:  Did  the  designator  operator  detect/acquire  the 
tafrget  before  it  again  became  masked  by  terrain? 

Test  5:  Is  the  1 i ne-of-sight  from  designator-to-target 
sufficiently  free  of  smoke  that  the  designator  operator  can 
see  and  designate  the  target? 

Test  6:  Is  the  1 ine-of-sight  from  designator-to-target 
sufficiently  free  from  dust  for  the  designator  operator 
(D.O.)  to  see  and  designate  the  target? 

Test  7:  Is  the  target  sufficiently  far  away  from  the 
designator  operator  that  he  will  stay  and  designate  rather 
than  "bail-out?" 


2-2 


Event  2:  The  designator  operator  has  acquired  a  target 
and  decides  to  engage  it  (i.e. ,  call  for  COPPERHEAD  fire 
against  it).  This  is  termed  an  "attemped  engagement." 

Test  8:  Is  the  designator  operator  able  to  communicate 
with  the  fire  direction  center  (FDC)? 

Test  9:  Does  the  message  which  the  designator  operator 
sends  to  the  fire  direction  center  contain  the  correct  in¬ 
formation  and  does  the  FDC  interpret  it  correctly? 

Test  10;  Is  the  target  still  (after  time  has  been  spent 
on  communication  and  preparing  to  fire  the  mission)  suf¬ 
ficiently  far  away  that  the  designator  operator  will  stay 
and  designate  rather  than  "bail-out?" 

Test  11:  Does  the  designator  operator  still  have  line-of- 
sight  to  the  target? 

If  tests  8  through  11  are  all  passed,  then  conditions  are 
such  that  a  COPPERHEAD  fire  mission  occurs.  This  leads  to: 

Event  3:  The  battery  is  ready  to  fire  and  the  designator 
is  ready  to  designate.  A  COPPERHEAD  round  is  fired.  This 
is  termed  a  "shot". 

Test  12:  Does  the  designator  operator  still  have  line- 
of-sight  to  the  target  during  the  final  critical  time  inter¬ 
val  of  the  COPPERHEAD  trajectory? 

Test  13:  Has  the  designator  operator  been  warned  to  begin 
lasing  the  target  or  has  he  seen  the  first  COPPERHEAD  round 
of  this  fire  mission  already  impact? 

Test  14:  Does  the  designator  survive  direct  fire  from  the 
target  being  designated  and  is  the  1 i ne-of-si ght  to  the  tar¬ 
get  unobscured  by  direct  fire  rounds  landing  in  front  of  the 
designator? 

Test  15:  Is  the  COPPERHEAD  round  just  fired  reliable? 

Test  16:  Is  the  line-of-sight  from  the  designator  operator 
to  the  target  vehicle  unobscured  by  small  terrain  features? 

Test  17:  Does  the  round  come  sufficiently  close  to  the  tar¬ 
get  for  the  seeker  to  receive  enough  reflected  laser  energy 
to  engage  the  target  and  is  the  target  within  the  maneuver 
footprint  of  the  COPPERHEAD? 
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Test  18:  Does  the  COPPERHEAD  round  hit  the  target? 

Test  19:  Does  the  COPPERHEAD  round  kill  the  target? 

If  tests  12  through  19  are  all  passed,  then  we  have: 

Event  4:  The  target  vehicle  is  killed.  This  is  termed  a 

"kill." 

If  more  COPPERHEAD  rounds  are  to  be  fired  for  this  mission, 
the  model  time  is  moved  ahead  to  account  for  the  time  between  rounds, 
and  the  model  resumes  at  Event  3  for  the  next  COPPERHEAD  round. 

To  model  the  "random  occurrence"  1 ine-of-sight  case,  tests  4 
and  11  are  not  made  and  test  12  uses  a  different  assumption. 

The  two  ways  of  handling  the  1 ine-of-sight  problem  are 
called  the  "shooting  gallery"  method  and  the  "random  occurrence" 
method. 


The  "shooting  gallery"  method  assumes  that  the  entire 
COPPERHEAD  mission  must  be  completed  during  the  time  interval  starting 
with  the  first  target  vehicle  entering  line-of-sight  segment  and 
ending  with  the  last  vehicle  of  the  target  leaving  that  same  line-of- 
sight  segment  (see  Figure  2-1). 

The  "random  occurrence"  method  on  the  other  hand  assumes 
that  target  vehicles  are  passing  in  and  out  of  view.  Instead  of 
assuming  that  all  rounds  fired  after  the  last  target  vehicle  leaves 
the  line-of-sight  segment  in  which  it  was  acquired  are  wasted  as  in 
the  "shooting  gallery"  technique,  the  "random  occurrence"  method  does 
not  check  loss  of  line-of-sight  until  the  last  critical  seconds  of  the 
COPPERHEAD  trajectory  and  even  then  the  check  allows  for  the  possibility 
that  a  target  may  have  left  the  first  line-of-sight  segment  but  entered  a 
second  (or  subsequent)  line-of-sight  segment  where  COPPERHEAD  can  be  used. 

The  "random  occurrence"  line-of-sight  model,  then  merely  checks  whether 
there  is  at  least  one  unkilled  target  vehicle  that  will  be  within  line-of- 
sight  of  the  designator  for  the  final  critical  seconds  of  the  COPPERHEAD 
trajectory  (see  Figure  2-2). 

Now  each  step  (test)  in  the  model  is  explained  in  detail: 

2.2.2  Preparatory  Fires.  The  first  test  encountered  by  a  potential 
COPPERHEAD  mission  is  for  designator  operator  survivability  of  preparatory 
fire.  A  probability  that  the  designator  operator  is  killed  by  enemy  prepar¬ 
atory  artillery  is  input  (either  explicitly  or  by  default)  and  for  each 
replication  (i.e.,  each  sample  potential  COPPERHEAD  mission)  of  the  given 
case,  a  uniformly  distributed  (pseudo-)  random  number  is  drawn.  If  that 
random  number  is  less  than  the  input  probability  that  the  designator  operator 
is  killed  by  enemy  preparatory  artillery  fire,  then  the  potential  COPPERHEAD 
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FIGURE  2-1  "Shooting  Gallery"  LOS  Model 
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Target  breaks  mask  at  this  point 
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FIGURE  2-2  "Random  Occurrence"  LOS  Model 


mission  aborts  because  the  designator  operator  is  killed;  otherwise,  the 
potential  COPPERHEAD  mission  continues  to  the  next  test. 

2.2.3  Visibility  Range.  The  next  test  depends  on  the  weather 
conditions.  For  the  month  and  time  of  day  that  is  used  for  a  given  case, 
there  is  a  distribution  of  weather  conditions  which  includes  the  probabilities 
of  various  cloud  ceiling  altitude  and  meteorological  visibility  range 
combinations  as  well  as  probabilities  of  various  Pasquill  atmospheric 
stability  categories,  windspeeds,  and  relative  humidities.  For  each  repli¬ 
cation  of  a  given  case,  the  cloud  ceiling  altitude  and  meteorological 
visibility  range  distribution  is  sampled  and  the  results  (cloud  ceiling 
altitude  and  meteorological  visibility  limit  (range))  obtained  are  recorded 
for  later  use. 

The  program  then  samples  the  acquisition  range  distribution  once 
for  each  replication  to  obtain  the  range  from  designator-operator  (D.O.) 
to  target  terrain  unmask  for  the  current  replication.  If  the  target 
unmasks  from  terrain  shielding  at  a  range  from  the  designator-operator 
beyond  the  current  replication's  meteorological  visibility  limit,  then 
the  potential  COPPERHEAD  mission  is  aborted  since  the  target  cannot  be 
seen  and,  therefore,  cannot  be  lased  by  the  designator  operator;  if, 
on  the  other  hand,  the  target  unmasks  at  a  range  less  than  the  visi¬ 
bility  limit,  then  the  next  test  is  made. 

2.2.4  Designator  Maximum  Range.  Using  the  above  random  sample 
from  the  acquisition  (terrain  unmask)  range  distribution,  the  next  test 
compares  the  designator-to-target  range  with  the  maximum  designator 
range.  If  the  target  is  beyond  the  maximum  designation  range,  then  the 
potential  COPPERHEAD  fire  mission  is  aborted;  otherwise,  the  tests  continue. 

At  night,  the  maximum  designator  range  is  reduced  to  the 
range  to  which  the  thermal  imagery  night  sight  is  usable  for  aiming 
the  designator. 


2.2.5  Target  Not  Detected.  The  next  test  is  performed  to  deter¬ 
mine  whether  the  target  was  in  view  long  enough  to  be  acquired  (the  entire 
detection,  recognition  identification  process  is  lumped  into  one  test  and 
called  detection). 

After  a  range  from  designator-operator  to  target  terrain  unmask 
is  obtained  as  above,  a  1 ine-of-sight  segment  length  distribution  is 
sampled  to  obtain  the  length  of  the  section  of  the  target's  path  extending 
from  the  point  of  initial  terrain  unmask  to  the  first  point  along  the  path 
that  is  obscured  from  the  D.O.'s  view.  From  this  1 i ne-of-sight  segment 
length  together  with  the  target  velocity  and  length  of  the  target  unit 
column,  the  duration  of  1 i ne-of-si ght  is  calculated.  This  duration  is  the 
time  from  initial  target  unmask  until  the  last  vehicle  in  the  target  unit's 
column  passes  out  of  the  D.O.'s  view. 
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To  determine  whether  the  target  is  detected,  a  time  is  sampled 
from  a  distribution  of  detection  times.  This  time  represents  the  delay 
from  the  time  of  initial  target  unmask  until  the  D.O.  has  detected,  recognized, 
and  identified  the  target  and  decided  to  call  for  COPPERHEAD  fire.  This 
is  termed  detection  time. 

If  the  detection  time  is  greater  than  the  duration  of  the  line- 
of-sight  on  a  particular  replication,  then  the  target  is  considered  to 
have  gone  in  and  then  out  of  view  before  the  D.O.  could  detect  it  (or 
really  before  he  could  call  for  fire  against  it)  and  the  mission  aborts. 

If  the  detection  time  is  less  than  the  line-of-sight  duration,  then  the 
D.O.  detects  and  calls  for  fire  on  the  target  before  it  leaves  his  line-of- 
sight  and  the  model  continues  to  the  next  test. 

2.2.6  Smoke.  The  next  test  is  to  determine  whether  there  is 
sufficient  smoke  in  the  area  of  the  target  to  prevent  the  D.O.  from  either 
seeing  or  lasing  the  target.  The  smoke  model  computes  the  fraction  of 
targets  that  could  be  obscured  from  view  by  taking  into  account  such  factors 
as  number  and  type  of  RED  smoke  rounds  fired  and  weather  conditions  for 

the  month  and  time  of  day  considered  in  the  current  case. 

As  an  alternative  to  specifying  a  volume  of  RED  smoke  rounds 
which  is  then  used  to  calculate  the  fraction  of  targets  obscured,  one 
can  simply  input  a  fractional  value  which  represents  the  fraction  of 
targets  obscured  by  smoke. 

In  either  case,  the  fraction  of  targets  (actually  fraction 
of  a  specified  front  width)  obscured  by  smoke  is  played  as  a  "prob¬ 
ability  of  abort  due  to  smoke."  For  each  replication  that  reaches  the 
smoke  test,  a  random  number  is  drawn  from  a  uniform  distribution  (from 
0  to  1)  and  if  it  is  less  than  the  probability  of  abort  due  to  smoke, 
then  the  mission  is  aborted  at  this  step;  if  it  is  greater  than  the 
probability  of  abort  due  to  smoke,  then  the  next  test  is  performed. 

Note  that  while  the  D.O.  has  a  limited  target  detection 
capability  in  smoke  by  using  a  thermal  site  on  the  designator,  the 
laser  beam  itself  could  not  penetrate  the  smoke  in  those  cases  where 
smoke  was  thick  enough  to  require  use  of  a  thermal  site.  Conse¬ 
quently,  COPE  plays  a  "black-white"  smoke  situation:  either  smoke 
completely  aborts  the  mission  or  has  no  effect.  This  is  not  the  case 
for  some  of  the  other  COPE  variants  (such  as  TAPE,  SOPE)  where  there 
are  three  possibilities:  (1)  smoke  is  not  present  and,  hence  has  no 
effect,  (2)  smoke  is  present  and  kills  mission,  (3)  smoke  is  present 
but  target  can  still  be  detected  through  thermal  site  and  target  is 
engaged  but  with  reduced  accuracy. 

2.2.7  Dust.  The  next  test  is  whether  the  dust  from  RED  HE 
artillery  fire  is  sufficient  to  prevent  the  D.O.  from  either  seeing  the 
target  or  lasing  it.  This  is  modeled  in  a  very  simplistic  way  in  the 
current  generation  of  COPE. 
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A  probability  that  dust  aborts  the  mission  is  estimated  out¬ 
side  the  COPE  program  and  then  input  for  a  given  COPE  case  (either 
explicitly  or  by  default).  Then  for  each  replication  that  reaches  the 
dust  test,  a  random  number  is  drawn  from  a  uniform  distribution  (0  to 
1)  and  compared  to  the  probability  that  dust  aborts  the  mission.  If 
the  random  number  is  less  than  the  probability  that  dust  aborts  the 
mission,  then  the  mission  is  aborted;  otherwise,  the  next  test  is 
made. 


2.2.8  Designator  Bail-Out  (Precommo).  The  next  test  is  to 
check  whether  the  target  is  so  close  to  the  D.O.  that  in  order  to  survive 
he  would  not  engage  the  target.  The  assumption  is  that  to  avoid  being 
killed  by  direct  fire  from  potential  COPPERHEAD  targets,  the  D.O.  would 
move  to  a  new  position  whenever  the  enemy  front  line  units  closed  to  within 
a  certain  range;  in  the  case  of  an  isolated  lead  enemy  unit,  he  might 
merely  refrain  from  designating  rather  than  move,  but  in  either  case  he 
would  not  be  calling  for  COPPERHEAD  fire. 

To  perform  this  test,  the  model  compares  the  D.O. -to-target 
range  against  a  pre-set  "bail-out"  range.  If  the  D.O. -to-target  range 
is  less  than  the  bail-out  range,  the  mission  aborts;  otherwise,  the 
mission  proceeds  to  the  next  test. 

Note  that  this  bail-out  check  is  made  prior  to  the  D.O.'s 
call  for  COPPERHEAD  fire.  A  second  bail-out  check  (see  section  2.2.10)  is 
made  later. 

2.2.9  Commo-out  (Tests  8  and  9).  The  next  test  determines 
whether  the  D.O.  has  a  communication  link  with  the  F.D.C. 

Communication  delay  time  and  probability  of  success  (Test  8) 
can  be  played  in  any  one  of  three  ways  depending  on  the  input  option 
sel ected: 


(1)  A  single  response  time  distribution  is  used  together 
with  a  single  probability  of  having  a  good  communications  link.  In 
this  case,  a  number  is  randomly  sampled  from  the  response  time  dis¬ 
tribution  to  determine  the  total  delay  time  from  the  D.O.'s  call  for 
Copperhead  fire  until  the  firing  battery  is  ready  to  pull  the  lanyard 
to  fire  Copperhead.  In  addition,  a  second  random  number  is  drawn, 
this  time  from  a  uniform  (0  to  1)  distribution;  if  this  random  number 
is  less  than  the  probability  of  having  a  good  communication  link,  then 
the  mission  proceeds  to  the  Test  9;  otherwise,  the  mission  is  aborted. 

(2)  The  second  way  of  playing  communication  delay  time  and 
probability  of  good  communication  link  i.s  called  the  "parameterized 
response  time"  option.  This  case  is  essentially  the  same  as  (1)  above 
except  that  the  delay  time  is  set  at  a  single  fixed  value  that  is  the 
same  for  every  replication  (as  opposed  to  sampling  a  distribution  of 
delay  times  to  obtain  a  new  delay  time  value  for  each  replication). 
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(3)  The  third  way  to  model  the  communication  delay  time  is 
to  use  a  separate  delay  time  for  each  part  of  the  process  from  the 
D.O.'s  calling  in  a  fire  mission  to  the  battery's  pulling  the  lanyard. 

Linder  this  method,  a  delay  time  distribution  is  used  to  obtain  digital 
communication  times  for  D.O.  to  FDC  messages.  This  delay  time  is  a 
function  of  mission  type  and  time  of  day  (i.e. ,  day  or  night). 

The  flovychart  in  Figure  2-3  gives  the  complete  picture  of  the 
time  delays  when  this  third  model  is  used. 

No  matter  which  of  the  three  ways  of  modeling  delay  times  is 
used,  either  communication  fails  and  the  mission  aborts  or  communication 
is  established  and  a  delay  time  is  added  to  the  current  time.  Finally,  if 
communication  is  established,  another  random  number  (uniform  between  0  and 
1)  is  drav/n  and  compared  to  the  probability  of  a  successful  (i.e.,  one 
containing  the  correct  information)  message  (Test  9).  If  the  random  number 
is  less  than  this  probability,  the  mission  proceeds  to  the  next  test; 
otherwise,  the  mission  aborts  because  the  message  from  the  F.O.  had  bad 
data  or  was  incorrectly  interpreted. 

2.2.10  Designator  Bail-Out  After  Communication.  After  the 
communication  from  D.O.  to  FDC  to  firing  battery  is  completed  successfully, 
the  D.O.-to-target  distance  is  updated  to  account  for  target  movement 
during  the  communication  and  processing  delay.  If  the  updated  position 
brings  the  target  within  the  "bailout"  range  of  the  D.O.  (see  2.2.8)  then 
the  mission  is  aborted;  otherwise,  the  mission  continues  with  the  next 
test. 


2.2.11  Line-of-Sight  Lost  Prior  to  Firing.  The  next  test  is  to 
determine  whether  the  D.O.  has  lost  LOS  to  the  target.  The  current  time 
(detection  time  plus  communication  and  processing  delay  times)  is  compared 
to  the  duration  of  1 ine-of-sight.  If  the  current  time  is  greater  than  the 
duration  of  1 i ne-of-sight,  then  the  target  has  left  the  D.O.'s  field  of 
view  prior  to  the  firing  of  the  first  COPPERHEAD  and  the  mission  is  aborted; 
otherwise,  the  mission  is  fired,  the  time  of  flight  is  added  to  the  current 
time,  and  the  next  test  is  made. 

2.2.12  Line-of-Sight  Lost  During  Mission.  The  tests  prior  to 
this  affected  the  entire  rnissionj  the  sequence  of  tests  after  this  point 
is  performed  separately  for  each  round  in  the  fire  mission. 

The  current  time  (which  is  the  time  the  first  (next)  COPPERHEAD 
round  is  to  arrive)  is  compared  to  the  duration  of  1 ine-of-sight.  If  the 
current  time  is  greater  than  the  duration  of  1 ine-of-sight,  then  the  current 
round  is  aborted  (ineffective);  otherwise,  the  mission  proceeds  to  the 
next  test. 
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2.2.13  Designator  Not  Warned  In  Time. 

At  the  time  the  first  COPPERHEAD  round  is  fired  for  a  given  mission,  a 
message  is  sent  to  the  D.O.  by  the  FDC  telling  him  to  begin  lasing  the 
target.  To  determine  v/hether  the  D.O.  receives  this  message,  a  random 
number  is  drawn  from  a  uniform  (0  to  1)  distribution  and  compared  to  the 
probability  of  D.O.  warned  to  lase.  If  the  random  number  is  less  than  the 
probability,  then  the  message  gets  through,  the  D.O.  lases,  and  the  next 
test  is  performed;  otherwise,  the  message  does  not  get  through,  the  D.O. 
fails  to  lase,  and  the  first  round  is  wasted  (aborted). 

Even  if  the  message  warning  the  D.O.  to  lase  does  not  get 
through  for  the  first  COPPERHEAD  round,  the  model  assumes  that  the 
D.O.  would  see  the  first  round  impact  and  hence  know  to  begin  lasing 
for  the  second  and  subsequent  rounds;  therefore,  rounds  after  the 
first  round  are  never  lost  because  of  D.O. 's  failure  to  lase. 

2.2.14  Designator  in  Direct  Fire.  The  next  test  determines 
whether  the  D.O.  is  unable  to  lase  due  to  incoming  direct  fire.  It  is 
assumed  that  the  target  being  lased  for  the  COPPERHEAD  fire  mission  has  a 
laser  alarm  as  well  as  capability  that  allows  it  to  locate  the  D.O. 's 
position  (when  his  laser  is  on)  with  sufficient  accuracy  to  fire. 

A  random  number  is  drawn  from  a  uniform  (0  to  1)  distribution 
and  compared  to  probability  of  kill  and  probability  of  suppression  values 
(which  are  a  function  of  D.O. -to-target  range).  If  the  random  number  is 
less  than  the  probability  of  kill,  then  the  D.O.  is  considered  killed  and 
the  current  round  and  all  subsequent  rounds  for  this  replication  are  aborted. 
If  the  random  number  is  greater  than  the  probability  of  kill  but  less  than 
the  sum  of  the  probability  of  kill  plus  the  probability  of  suppression 
(obscuration  due  to  direct  fire),  then  only  the  current  round  is  aborted 
as  a  result  of  this  test  (the  test  will  be  performed  separately  on  subsequent 
rounds  of  this  replication). 

If  the  random  number  is  greater  than  the  probability  of  kill  or 
suppression,  then  the  mission  continues  to  the  next  test  with  no  effect 
from  the  direct  fire. 

2.2.15  Round  Reliability  Failure.  The  round  is  next  tested  for 
inflight  rel i abi 1 i ty.  A  random  number  is  drawn  from  a  uniform  distribution 
(0  to  1)  and  compared  to  the  round  reliability.  If  the  random  number  is 
less  than  the  reliability,  the  round  is  reliable  and  the  next  test  is 
made;  otherwise,  the  round  fails. 

2.2.16  Target  Obscured  By  Mini-Terrain.  The  D.O. -to-target 
range  is  computed  allowing  for  target  movement  up  to  the  current  model 

time  (actually,  the  time  the  first  (or  next)  COPPERHEAD  round  is  to  arrive). 

A  distribution  of  target  exposures  (due  to  mini-terrain)  at  that  range  is 
then  sampled  to  determine  whether  the  target  is  fully  exposed,  hull  defilade 
(turret  exposed),  or  completely  obscured.  If  the  target  is  completely 
obscured,  then  the  round  aborts;  otherwise,  the  next  test  is  made. 
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2.2.17  Round  Did  Not  Engage  Target.  The  next  test  determines 
whether  the  COPPERHEAD  round  receives  sufficient  reflected  laser  energy  to 
initiate  maneuver  to  a  target  and  has  the  target  in  its  maneuver  footprint. 

To  perform  this  test,  a  random  number  is  drawn  from  a  uniform  (0 
to  1)  distribution  and  then  compared  to  a  probability  of  seeker  engagement 
value  which  is  a  function  of  designator-to-target  range,  visibility  range 
limit,  cloud  ceiling  altitude,  delay  time,  and  number  of  vehicles  in  column 
as  well  as  reflectivity  of  target,  seeker  sensitivity,  target  heading, 
target  velocity,  nominal  COPPERHEAD  system  response  time,  gun-target-D.O. 
angle,  designator  type,  and  deflection  biases  (offsets).  The  probability 
of  seeker  engagement  is  the  probability  that  both  the  seeker  receives 
sufficient  reflected  laser  energy  to  initiate  tracking  and  the  target  is 
within  the  maneuver  footprint  of  the  COPPERHEAD  round.  If  the  random 
number  is  less  than  the  probability  of  seeker  engagement,  then  the  next 
test  is  performed;  otherwise,  the  round  fails  because  its  seeker  cannot 
engage  the  target  (or  can  engage  but  cannot  maneuver  to  the  target). 

2.2.18  Round  Engaged  But  Did  Not  Hit.  A  probability  that  the 
round  hits  the  target  given  that  it  engages  (i.e.,  passes  the  previous 
test)  is  obtained  as  a  function  of  range,  exposure  (fully  exposed  or  hull 
defilade),  and  designator  type.  A  table  of  these  probabilities  is  obtained 

as  output  from  the  LDWSS  program  and  is  intended  to  account  for  the  possibility 
that  the  COPPERHEAD  seeker  tracks  laser  over-spill  or  under-spill  rather 
than  the  target  itself. 

Again  a  uniform  distribution  (0  to  1)  is  randomly  sampled. 

If  the  resulting  random  number  is  less  than  the  probability  that  the 
round  hits,  then  the  round  hits  the  target  and  we  proceed  to  the  next 
test;  otherwise,  the  round  misses  and  aborts. 

2.2.19  Round  Hit  But  Did  Not  Kill.  The  final  test  is  to  determine 
whether  the  round  killed  the  target  given  that  it  hit  the  target.  To 
perform  this  test,  a  random  number  is  drawn  from  a  uniform  distribution  (0 

to  1)  and  compared  to  a  probability  of  kill  given  a  hit  value  which  is  a 
function  of  target  type  and  target  exposure  (fully  exposed  or  hull  defilade). 

If  the  random  number  is  less  than  the  probability  of  kill,  then  the  target 
is  killed;  otherwise,  the  target  is  not  killed  and  the  round  aborts. 

2.2.20  Subsequent  Rounds.  When  a  round  (not  a  mission)  aborts, 
subsequent  tests  in  the  sequence  are  not  made.  Instead,  the  time  is  advanced 
to  the  next  round's  arrival  time  (if  there  are  more  rounds  left  to  be 
considered)  and  the  sequence  of  tests  resumes  at  the  "LOS  lost  during 
mission"  (section  2.2.12)  test  for  the  next  round. 

If  a  round  does  not  abort,  but  instead  successfully  kills  a 
target,  then  the  time  is  advanced  to  the  next  round's  arrival  time  (if 
applicable)  and  the  sequence  of  tests  resumes  at  the  "LOS  lost  during 
mission"  (section  2.2.12)  test  for  the  next  round. 
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When  no  more  rounds  remain  to  be  fired  for  a  given  repli¬ 
cation,  the  replication  is  ended. 

2.2.21  End  of  Replication.  When  either  a  mission  (not  a  round) 
aborts  or  all  the  rounds  for  a  replication  have  been  fired,  the  replication 
is  considered  ended.  If  more  replications  remain  to  be  made,  the  next 
replication  begins  with  the  first  test,  "Preparatory  fires"  (section  2.2.2) 
and  proceeds  through  the  sequence  of  tests  as  described.  If  all  replications 
for  the  current  case  are  done,  then  the  results  are  printed  out  and  the 
subsequent  case  (if  any)  is  begun. 

2.2.22  Random  Occurrence  LOS  Model  vs  Shooting  Gallery  LOS 
Model .  The  step  by  step  description  given  above  of  the  various  tests  that 
must  be  passed  for  a  successful  COPPERHEAD  fire  mission  applies  to  the 
"Shooting  Gallery"  or  single  continuous  LOS  segment  model.  This  model 
assumes  that  the  entire  COPPERHEAD  mission  must  be  completed  during  the 
time  interval  from  the  first  target  vehicle's  breaking  terrain  mask  until 
the  last  target  vefiicle  leaves  that  same  LOS  segment. 

The  alternate  LOS  model  is  called  the  "Random  Occurrence" 

LOS  model  and  assumes  that  after  the  first  target  vehicle  breaks  terrain 
mask,  the  target  vehicles  will  go  in  and  out  of  mask  at  random.  The  sequence 
of  tests  for  the  random  occurrence  method  is  the  same  as  for  the  shooting 
gallery  except  that  tests  4  and  11  (sections  2.2.5  and  2.2.11)  are  omitted 
and  test  12  is  modified. 

Test  12  (section  2.2.12)  is  modified  so  that  the  probability 
that  at  least  one  target  vehicle  is  visible  is  given  byQ=l-(l-P)^ 
where  P  is  the  probability  of  a  single  vehicle  being  visible  if  randomly 
placed  along  an  approach  path  at  the  current  D.O. -to-target  range  and  N  is 
the  number  of  vehicles  left  unkilled  in  the  target.  A  random  number  is 
sampled  from  a  uniform  distribution  (0  to  1)  and  compared  to  Q.  If  the 
random  number  is  greater  than  Q,  the  round  is  aborted;  otherwise,  the 
mission  continues  with  test  13. 

2.2.23  Note  on  Nominal  Response  Time.  The  probability  of 
engagement  numbers  are  a  function  of  the  time  after  the  D.O.'s  call  for 
fire  that  the  pounds  arrive.  The  time  is  played  by  establishing  a  nominal 
response  time  t^-  (an  average  value  for  the  distribution  of  total  mission 
communication  and  processing  times  which  is  input  and  to  which  is  added  the 
time  of  flight  appropriate  for  the  given  gun-to-target  rajige.)  The  model 
assumes  that  the  D.O.  estimates  the  target's  location  at  t^  seconds  in  the 
future  and  calls  for  fire  against  that  point.  The  actual  COPPERHEAD  mission 
response  time  is  sampled  and  added  to  the  time  of  flight  to  obtain  the 
actual  arrival  time  of  the  round  (t^).  If  t^  is  greater  than  t^,  then  the 
probability  of  engagement  is  lowered  because  of  the  larger  aiming  error  and 
TLE. 


2-14 


This  is  explained  in  greater  detail  in  the  report  on  the  PAM 
model.  The  report  on  modeling  target  location  error  (TLE)  discusses  the 
problem  of  estimating  target  location  and  the  error  in  the  estimate  as  a 
function  of  time  (see  bibliography). 

The  only  point  important  to  the  user  at_this  stage  is  that  COPE 
uses  two  response  times:  a  nominal  response  time  t^  and  an  actual  response 
time  tg.  The  nominal  response  time  is  used  to  estimate  target's  future 
location  and  hence  to  choose  the  point  at  which  to  aim.  The  actual  response 
time  is  used  to  determine  the  probability  of  seeker  engagement  (PE). 
Naturally,  if  t^  is  very  l^rge,  the  probability  of  the  target  being  at  the 
point  estimated  (based  on  t^)  is  quite  small. 

Also,  it  was  assumed  that  if  the  firing  battery  saw  that  tg  was 
likely  to  be  less  than  t^  on  a  particular  occasion,  it  would  hold  up  firing 
to  cause  t^  =  t^  rather  than  drop  early  rounds  far  in  front  of  the  target. 
This  assumes  a  good  communication  capability  between  D.O.  and  battery. 
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CHAPTER  3 


3.  PERFORMANCE  AND  LIMITATIONS 

3.1  Computer  Related  Performance  and  Limitations. 

The  COPE  program  (and  its  preprocessor  programs)  has  been 
run  primarily  on  the  U.S.  Army  Ballistic  Research  Laboratory's  Control 
Data  Corporation  CYBER  76  computer  (CDC  7600).  On  that  computer,  a 
typical  case  with  10,000  replications  and  six  rounds  fired  per  suc¬ 
cessful  COPPERHEAD  mission  requires  2.5  to  3.0  seconds  per  case.  The 
computer  memory  requirement  is  about  24,000  words  (57  Kg)  of  SCM  and 
no  LCM.  The  disk  space  required  (which  will  vary  with  the  size  of  the 
data  base  file)  for  TAPE  11  was  about  155,000  words  (456  Kg). 

COPE  has  also  been  run  on  a  CDC  6600  at  Aberdeen  Proving 
Ground  and  on  a  CDC  6400  and  a  CDC  6500  at  FT.  Leavenworth  (using  the 
remote  terminal  at  FT.  Sill).  On  these  machines,  the  run  time  ranged 
from  eight  to  sixteen  times  what  it  was  on  the  CDC  7600.  The  memory 
requirements  and  disk  space  on  the  various  CDC  6000  series  computers 
were  nearly  the  same  as  for  the  CDC  7600. 

At  the  time  of  this  writing,  COPE  has  not  been  run  on  any 
non-CpC  machines;  however,  chapter  13  of  this  manual  considers  some  of 
the  changes  required  to  do  so.  Run  time  would,  of  course,  vary  from 
machine  to  machine  (e.g.,  the  author's  experience  with  other  FORTRAN 
programs  suggests  run  time  on  the  UNIVAC  1108  computer  would  be  eiqht 
to  ten  times  that  on  the  CDC  7600). 


u-  ,  current  non-CDC  computers  use  a  word  size  of  fewer  than 
60  bits  (the  CDC  word  size).  This  means  that  the  program  memory 
required  to  load  the  object  program  on  most  non-CDC  machines  will  be 
somewhat  larger  in  terms  of  number  of  words  than  for  the  CDC 
computers.  Similarly,  a  slight  increase  in  disk  space  may  be  required 
to  put  the  data  base  file  TAPE  11  on  a  smaller  word  machine. 

3.2  Program  Related  Performance  and  Limitations. 

The  current  version  of  COPE  has  been  run  several  hundred 
times  now  with  no  errors  detected  other  than  those  resulting  from 

invalid  input,  insufficient  run  time  requested,  or  insufficient  print 
limit  set.  ^ 


The  ability  of  the  program  to  run  multiple  cases  with  rel¬ 
atively  small  streams  of  input  directives  has  enabled  the  users  to  run 
hundreds  of  cases  with  relatively  short  set  up  time. 

The  main  limitation  encountered  in  running  the  program  is 
the  requirement  that  data  selected  to  fill  the  eight  data  blocks  be  on 
the  random  access  mass  storage  data  base  file  created  by  the  preprocessor 
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Droarams.  Once  these  preprocessors  are  run,  any  case  using  data  already 
™ ThH^ta  base  file  can  be  easily  run.  This  subject  is  discussed  in 

detail  in  chapter  5. 

3.3  Model  Related  Performance  and  Limitations^. 

One  of  the  main  limitations  of  the  COPE  model  is  that  much 
tactical  detail  is  represented  by  distributions.  For  this  reason,  O’^e^t 
care  must  be  taken  to  interpret  input  distributions  when  reporting  model 
results.  The  interpretation  of  results  depends  heavily  on  the  conservatism 
and  objectivity  of  the  analyst. 

The  only  attempt  (and  indeed  the  only  opportunity)  to  verify 
the  COPE  model  was  by  running  it  with  case  descriptors  matching  as 
closely  as  possible  conditions  present  in  the  COPPERHEAD  OT  II.  When 
this  was  done,  the  results  predicted  by  COPE  were  compared  to  those 
obtained  in  OT  II  and  found  to  be  in  quite  cl ose_ agreement.  More  pre¬ 
cisely,  the  hypothesis  that  the  probability  of  hit  given  a  shot  as 
obtained  from  COPE  is  equal  to  the  true  population  probability  of  hit 
given  a  shot  could  not  be  rejected  even  with  a  significance  level  as 
high  as  50  percent  based  on  the  sample  of  firings  in  OT  II. 

This  good  agreement  of  the  model  to  test  results  should  not 
lead  to  uncritical  acceptance  of  all  COPE  results.  For  one 
tests  1,  5,  6,  and  14  were  nulled  out  (that  is,  always  passed).  Also, 
since  the  OT  II  rounds  were  not  live,  the  probability  of  kill  values 
(test  19)  in  the  model  were  set  to  one  (so  that  kills  and  hits  were 

considered  equivalent). 

There  are  some  limitations  to  the  COPE  model  that  need  to  be 
explicitly  pointed  out; 

3.3.1  Geometry  of  COPPERHEAD  Fire  Mission.  The  geometry  of  the 
nun,  D.O.  ,  and  target  positions  is  only  approximated.  E'er  any  given 
simulated  COPPERHEAD  mission,  the  gun-to-target  range,  desi gnator-to-target 
point-of-unmask  range,  target  heading,  and  nominal  gun-target-designator 
angle  are  fixed  while  the  target  itself  moves  (i.e.,  its  position  is  a 
function  of  time). 

Figure  3-1  represents  the  geometry  of  a  COPPERHEAD  fire  mission. 

U  is  the  point  of  target  unmask. 

R  is  the  point  at  which  round  is  to  arrive  on  target  (provided 

nominal  response  time  is  met). 

D  is  the  designator  operator  location. 

G  is  the  gun  location. 
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)[H  is  the  target  heading  (angle  between  gun-target  line  and  target 
path  at  time  round  arrives  on  target). 

)CT  is  the  angle  b^ween  the  gun-to-target  line  (GR)  and  the 
designator-to-target  line  (DR). 

UR  is  the  target's  path  (target  travels  from  U  to  R). 


By  the  COPE  case  conditions  chosen,  iJ ,  ):H,  the  length  of 
^  and  the  length  of  UD  are  constant  (the  first  three  are  constant 
for  a  given  case;  the  last,  length  of  UD,  is  constant  for  a  given 
replication,  but  is  sampled  anew  for  each  replication).  Hence,  if  the 
response  time  is  such  that  the  target  is  at  R'  on  one  replication 
rather  than  at  R  (as  on,  say,  a  previous  replication)  when  the  round 
arrives,  one  must  move  G  to  and  D  to  D'  to  preserve  the  fixed 
values  of  XT,  XH,  length  of  GR  (now  G'R'). 


The  requirement  that  G  move  to  G'  is,  of  course,  unrealistic 
since  one  does  not  move  the  battery  to  a  new  site  just  because  nominal 
response  time  is  not  met. 


A  second  compromise  in  the  geometric  representation  of  the 
COPPERHEAD  mission  is  in  calculating  the  designator-to-target  range.  Rather 
than  compute  the  designator-to-target  range  DR  (or  DR'  in  the  second  case) 
in  the  correct  manner,  the  COPE  model  approximates_the  designat^-to^arget 
range  by  the  distance  PD.  P  is  a  point  chosen  on  UD  such  that  UP  -  UR_(or 
P'  such  that  UP'  =  UR'  in  the  second  case).  This  approximati on  i s  equivalent 
to  the  assumption  that  the  target  moves  straight  toward  the  designator. 


One  can  see  from  the  1 i ne  segment  lengths  in  Fi gure  3-1  That 
PD  does  not  differ  greatly  from  RD  (in  this  case)  whereas  P  D  does  differ 
considerably  from  in  length.  For  typical  range  values  and  velocities 
used  so  far  in  COPE,  these  errors  are  considered  minor.  If  one  is  to  use 
greater  target  velocities  or  shorter  acquisition  ranges,  then  it  would  be 
worthwhile  to  improve  this  feature  of  COPE,  ^hat  i£^  incorporate  the 
trigonometry  required  to  correctly  calculate  DR  (or  DR')  and  use  that  value 
instead  of  PD  (or  DP'). 


Note:  The  designator  operator-to-target  distance  is  used  not 
only  at  round  arrival  to  calculate  probability  of  engagement  and 
probability  of  hit;  but  also  throughout  the  simulation  it  is  updated 
and  used  in  checking  bail-outs,  direct  fire  suppression,  line-of-sight 
probability  for  random  occurrence,  etc. 

3.3.2  Target  Modeling.  The  COPE  model  makes  simplifying 
assumptions  about  the  target.  In  particular,  it  assumes  that  the 
target  is  a  column  of  vehicles  moving  at  constant  velocity  with 
uniform  spacing  between  successive  vehicles.  When  a  vehicle  is 
killed,  the  length  of  the  column  is  not  reduced  in  length  nor  ts  any 
attempt  made  to  keep  a  record  of  the  position  that  the  killed  vehicle 
occupied  in  the  column. 
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These  limitations  were  not  deemed  serious  in  the  COPE  runs 
for  the  COPPERHEAD  COEA;  however,  for  the  SADARM  variant  of  COPE  (called 
SOPE)  the  model  was  modified  to  keep  track  of  individual  vehicle  status 
and  to  handle  more  general  target  layouts.  (These  modifications  were 
essential  to  SADARM  where  there  is  no  designator  operator  to  pick  out  live 
targets  instead  of  dead  ones,  and  v/here  the  volley  attacks  an  area  instead 
of  a  point  as  with  a  single  COPPERHEAD  round). 

3.3.3  Direct  Fire  Effects  Independent.  The  model  of  direct 
fire  effects  of  the  target  against  the  D.O.  (see  section  2.2.14)  is  over¬ 
simplified.  The  model  has  a  single  probability  of  kill  (or  obscuration) 
by  direct  fire  for  each  target-to-D.O.  range  and  this  probability  (corrected 
for  then  current  range)  is  then  applied  during  each  COPPERHEAD  round's 
firing  to  determine  whether  the  D.O.  is  killed  (or  obscured)  and  thus 
prevented  from  lasing. 


The  shortcomings  of  this  model  are  (1)  subsequent  rounds  fired 
by  the  target  at  the  D.O.  should  be  more  accurate  both  due  to  adjustment 


(assuming  both  that  the  D.O.  survived 
and  that  the  target  survived  previous 
seeing  its  first  round  impact  and  due 
more  times  by  the  additional  lasings, 
targetunit,  after  seeing  the  lasings 
in  firing  at  the  D.O.  on  the  latter  rounds.  Both  effects 
omitted  in  COPE's  model  of  direct  fire  against  the  D.O.. 


previous  rounds  fired  by  the  target 
copperhead's)  by  the  target  after 
to  the  D.O.'s  giving  away  his  position 
and  (2)  adjacent  vehicles  in  the 
for  the  first  few  rounds,  might  join 

(1)  and  (2)  are 


— Only  Initial  Acquisitions  (Unmaskings)  Played.  The  COPE 
model  only  plays  the  first  unmasking  of  each  target  unit.  A  more  realistic 
assessment  of  COPPERHEAD'S  contribution  would  be  obtained  if  the  target 
unit  were  acquired  (or,  at  least,  unmasked  to  provide  a  potential  acquisition) 
several  times  as  it  closes  toward  the  BLUE  position.  This  would  require 
keeping  track  of  the  damage  done  to  the  RED  target  unit  as  the  result  of 
previous  unmaskings  (  and  the  resulting  COPPERHEAD  fire  missions)  so  as 
not  to  take  credit  for  killing  vehicles  many  times  over.  It  would  be  a 
fairlystraight  forward  task  to  modify  the  COPE  program  to  allow  for  multiple 
acquisitions  (and  firing)  of  each  target  unit.  The  reason  this  was  not 
one  in  the  original  COPE  model  is  simply  that  all  of  the  acquisition  data 
(ranp  to  unmask  and  1 i ne-of-sight  segment  lengths)  available  to  the  model's 
creators  were  for  first  acquisition  only. 


3.3.5  Other  Limitations.  Other  limitations  to 


COPE  are 


chiefly  due  to  either  inadequate  data  or  to  the  desire  to  keep  the  model 
and  program  simple.  These  limitations  include: 

(a)  Availability  of  artillery  to  fire  the  COPPERHEAD  mission 
IS  not  considered. 


(^)  The  impact  of  the  attrition  of  a  D.O.  or  an  F.O.  (forward 
ooserver)  on  the  ability  of  the  direct  support  artillery  to  perform  its  mission 
IS  not  considered.  That  is,  how  much  of  the  lost  D.O.  capability  could  be 
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picked  up  by  neighboring  D.O.'s,  other  Fire  Support  Team  (FIST)  members, 
or  pi atoon  F. 0. ' s? 

(c)  The  permanent  loss  of  communications  is  not  played.  This 
could  be  partially  simulated  by  reducing  the  probability  of  a  successful 
transmission,  although  that  value  was  intended  to  represent  only  degradation 
due  to  high  communication  traffic  load  and  electronic  warfare. 


CHAPTER  4 


4.  INPUT  DIRECTIVES  AND  "DATA"  STATEMENTS 

4.1  Input. 

Considerable  effort  has  gone  into  making  the  COPE  input 
versatile  enough  to  allow  for  the  running  of  nearly  any  combination  of 
input  parameters  while  at  the  same  time  requiring  a  minimum  of  input 
changes  to  switch  from  one  case  to  another.  The  stacking  of  multiple 
cases  for  a  single  run  can  be  easily  accomplished  with  relatively  few 
input  cards. 

The  existence  of  "default"  (baseline  case)  values  built  into 
the  program  allows  the  program  to  be  run  with  only  the  input  cards  (or 
card  images)  required  to  change  those  variables  which  it  is  desired  to 
set  at  other  than  the  default  values.  If  further  cases  are  desired 
one  can  continue  with  additional  input  changes  applied  to  either  the 
previous  case  or  the  baseline  case. 

The  program  also  allows  the  insertion  of  up  to  three  types 
of  user  comments  which  may  appear  in  the  output. 

Finally,  in  the  event  that  one  wishes  to  use  data  not  in  the 
"data  base"  file,  a  "temporary"  option  using  traditional  formatted 
data  is  available. 

4.2  Data  Organization. 

For  each  case  that  is  run,  there  are  numerous  parameters 
whose  values  are  set  to  provide  the  mathematical  description  of  that 
case.  These  parameters  are  grouped  into  eight  major  blocks,  six 
condition  keys,  and  twenty  odd  individually  selected  numerically 
valued  variables. 

For  the  most  part,  a  single  input  card  is  used  to  select 
each  block,  key,  or  variable  value.  There  are  some  exceptions  and 
some  dependencies  between  choices  which  are  explained  below  (section  4.8). 

Finally,  there  are  numerous  data  items  whose  values  are  set 
in  the  Block  Data  (BDATAl)  subprogram  because  they  are  relatively 
fixed  from  case  to  case.  Obviously,  if  one  chose  to  vary  these  items 
frequently,  they  could  be  made  into  input  rather  than  set  via  data 
statements.  These  items  are  defined  below  (section  4.7) 

4.3  Keyword  Input:  General  Description. 

Each  input  to  select  a  case  description  (except  when  the 
"temporary"  option  is  used)  as  v/el  1  as  various  inputs  to  control 
program  options  is  of  the  form: 
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keyword,  option  word  1,  option  word  2, _ ,  option  word  n 

^^here  0  <  n  <  Each  such  input  must  be  contained  on  one  card  (or  card 
image);  “no  continuation  to  another  card  is  allowed. 

The  keyword  is  an  alphanumeric  character  string  indicating 
which  case  descriptor  is  to  be  set  by  the  card. 

The  option  words  are  either  alphanumeric  character  strings 
that  indicates  which  option  is  chosen  from  a  pre-defined  set  or 
numerical  values  that  are  to  he  used  for  certain  variables. 

Option  words  are  order  dependent  (i.e.,  keyword,  is  not 

equivalent  to  keyword,  y,  x).  If  an  option  word  is  omitted  ^  J^fault 
value  is  set  by  the  program.  If  a  keyword  takes  two  or  more  optio 
words  and  an  option  word  other  than  the  last  one  is  omitted,  then  the 
proper  number  of  separators  (commas,  for  example)  must  be  used  to 
position  the  later  optionwords  (e.g., 

keyword,  default  value  for  option  word  1,  option  word  2 


is  equivalent  to 

keyword,  ,  option  word  2 
but  not  equivalent  to 

keyword,  option  word  2 _ )_• 

In  most  cases,  blanks  may  be  freely  inserted  within  keywords 
or  option  words  to  improve  readability.  (The  only  exception  is  covered 
in  the  note  of  section  4.5.3.). 


4.4  Keyword  Input:  Specifics. 

Now  each  keyword  is  shown  with  the  option  words  al  lowed. 
Note  that  new  option  words  may  be  introduced  by  running  the  S 

pre-processor  program  to  modify  the  data  base  file  (section  j.d.a 

chapter  14). 


and 


4.4.1  FIRST  CASE. 

(a)  general  form:  FIRST  CASE 

(b)  This  card  is  used  only  as  the  first  non-comment  card  in 
an  input  deck.  If  it  is  omitted,  the  program  will  generate 
a  message  upon  encountering  the  first  non-comment  card  in 
the  input  and  then  proceed  as  though  the  FIRST  CASE  card 
were  present. 
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4.4.2  NEXT  CASE. 


(a)  general  form:  NEXT  CASE,  option  word  1 

(b)  Currently  allowed  character  strings  for  option  word  1 
are: 

(1)  RESET  DEFAULTS  or  ^ 

(2)  DON'T  RESET  or  DR. 

(c)  This  card  is  the  first  non-comment  card  of  each  case 
other  than  the  first  case. 

If  the  option  word  is  RESET  DEFAULTS,  or  omitted, 
then  the  values  for  all  case  description  parameters  are  reset  to  their 
default  values  and  will  differ  from  the  baseline  values  only  as  determined 
by  the  remaining  input  cards  for  the  current  case. 

If  the  option  word  is  DON'T  RESET  or  m,  then  the  values  of  the 

case  description  parameters  remain  at  their  values  for  the  previous  case 

except  for  those  values  changed  by  the  remaining  input  cards  for  the  current 

case. 


If  the  NEXT  CASE  card  is  omitted,  the  program  will  generate  a 
message  and  proceed  as  though  a  NEXT  CASE,  DR  card  had  been  encountered. 

Note:  The  PLOT  and  CONTROL  cards  (sections  4.4.5  and  4.4.6)  are 
not  controlled  by  the  option  on  the  NEXT  CASE  card. 

4.4.3  END. 

(a)  general  form:  END 

(b)  This  card  belongs  at  the  end  of  the  input  for  each  case 
other  than  the  final  case. 

If  it  is  omitted,  an  error  will  usually  result  because  the  program 
will  continue  reading  cards  that  are  really  part  of  the  next  case  s  input 
until  it  either  hits  an  ^  card,  ENDF  card,  or  the  end  of  the  input  file. 
This  means  that  the  case  will  run  using  its  own  input  together  with  input 
from  subsequent  case  (or  cases).  The  user  can  detect  this  problem  from 
the  fact  that  the  case  descriptors  will  probably  be  incorrect  (i.e. , 
other  than  the  intended  values)  in  the  case  heading  print-out,  there  may 
bG  unGxpGCtGd  iDGSSdgGS  stating  that  certain  input  cards  have  superseded 
others,  and  finally,  the  number  of  cases  in  the  run  will  be  wrong. 

4.4.4  ENDF. 

(a)  general  form:  ENDF  or  END  OF  FINAL  CASE. 
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(b)  This  card  should  be  the  final  card  of  the  final  case. 

If  it  is  omitted,  the  program  will  generate  a  message  on  reaching 
the  end  of  input  and  then  proceed  as  though  an  ENDF  had  been  encountered. 

If  an  END  card  is  used  instead,  there  will  be  no  change  in  the 
result  but  the  program  will  waste  a  few  nano-seconds  before  realizing  that 
there  is  no  more  input. 


If  an  ENDF  is  used  prior  to  the  end  of  the  last 
following  the  ENDF  card  will  be  ignored. 


case,  any  cards 


4.4.5  PLOT. 


(a)  general  form:  PLOT,  option  word  1,  option  word  2 

(b)  Allowed  character  strings  for  option  word  1  are: 

(1)  PRINTER 

(2)  CALCOMP. 

Allowed  character  strings  for  option  word  2  are: 

(1)  ^ 

(2)  ON. 

(c)  This  keyword  was  designed  to  handle  graphic  output 

(bar  charts)  ,  but  has  not  been  implemented  in  the  current 
version  of  the  program. 


The  cards  PLOT,  PRINTER,  ON  and  PLOT,  CALCOMP,  ON  would  cause 
results  to  be  displayed  on  bar  graphs  produced  by  the  line  printer  and 
Cal-Comp  plotter  respectively.  At  the  present  time,  however,  these  cards 
d  °  d  program  to  generate  a  message  saying  that  no  plot  was 


The  cards  PLOT,  PRINTER,  OFF  and  PLOT,  CALCOMP,  OFF  turn  off  the 
production  of  the  bar  graphs  produced  by  the  line  printer  and  Cal-Comp 
plotter  respectively. 

^  default  for  option  word  1  is  PRINTER;  the  default  for  option- 

word  ^  IS  OFF.  So  no  bar  graphs  (or,  at  the  present  time,  "no  plot" 
messages)  are  produced  unless  positive  action  is  taken  by  the  user. 

Note,  that  if  and  when  this  feature  is  implemented,  the  two 
types  of  graphs  may  be  selected  independently  of  each  other. 
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A  PLOT  option  once  selected  remains  in  f ^  OPp^oJ^^Opp 

PLOT  card  is  encountered  changing  the  option  (that  is,  —  -  - 

to  ON).  It  is  not  affected  by  a  NEXT  CASE,  ^  card. 

4.4.6  CONTROL. 

(a)  general  form:  CONTROL,  option  word  1,  option  wor^^ 

(b)  Allowable  choices  for  option  word  1  are: 

(1)  ECHO 

Allowable  choices  for  option  word  2  are: 

(1)  SHORT 

(2)  LONG. 

(c)  This  keyword  is  designed  to  control  miscellaneous  pro- 

^  ^  qram  features.  At  the  present  time,  the  only  choice  (and 

the  default)  for  option  word  1  is  ECHO.  If  option  word  2  i s 
SHORT  or  om  tted,  then  the  short  form  of  the  input  echoing 

??  option  word  2  is  LONG,  the  long  fom  of  the  input 
echoing  is  used  (see  section  7.6  for  input  echoing). 

The  default  (which  occurs  if  the  card  is  omitted)  is  the  short 

form. 

A  CONTROL  option  once  selected  remains^in  f  ^ 

CONTROL  card  is  encountered  changing_the  option Jthat^is,^^  - 

SHORT  to  LONG).  It  is  not  affected  by  a  NEXT  CASE,  ^  card. 

4.4.7  LINE  OF  SIGHT  MODE. 

(a)  general  form:  LINE  OF  SIGHT  MODE,  option  word  1  or 
LOS  MODE,  option  word  1 

(b)  Allowable  choices  for  option  word  1: 

(1)  SHOOTING  GALLERY  or  ^ 

(2)  RANDOM  OCCURRENCE  or 

(c)  The  choice  of  SHOOTING  GALLERY  or  ^  for  option  word  1 
causes  the  current  case  to  be  run  using  the  shooting 
gallery"  line  of  sight  model.  If  option  v;ord^l  ]s  RANDOM 
OCCURRENCE  or  then  the  "random  occurrence  line  of 
sight  model  is  used. 

The  default  is  the  "shooting  gallery"  model. 
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4.4.8  MISSION  CODE 


(a)  general  form:  MISSION  CODE,  option  word  1  or 
MSNCODE,  option  word  1 

(b)  Allowable  character  strings  for  option  word  1  are: 

(1)  PRIORITY  PREPLANNED  TARGET  or  PPPT 

(2)  PREPLANNED  TARGET  or  PPT 

(3)  TARGET  OF  OPPORTUNITY  or  TOO. 


(c)  If  option  word  1  is  PRIORITY  PREPLANNED  TARGET,  PPPT, 
or  omitted,  then  the  mission  is  considered  priority  pre¬ 
planned;  if  option  word  2  is  PREPLANNED  TARGET  or  PPT, 
then  the  mission  is  considered  preplanned;  and,  if  option 
word  2  is  TARGET  OF  OPPORTUNITY  or  TOO,  then  the  mission 
is  considered  a  target  of  opportunity. 

The  mission  type  affects  the  response  time  parameters  used  (see 
section  4.4.15)  and  the  modeling  of  range  from  unmask  to  centroid  (RUMC, 
section  4.4.18).  See  section  4.8  for  side  effects  of  mission  code  choice. 

4.4.9  NUMBER  OF  DIFFERENT  TARGET  POSTURES. 

(a)  general  form:  NUMBER  OF  DIFFERENT  TARGET  POSTURES. 
option  word  1  or  NUMDIFTGTP,  option  word  1 

(b)  Allowable  character  strings  for  option  word  1  are: 

(1)  THREE  or  3 

(2)  TWO  or  2. 


(c)  If  option  word  1  is  THREE,  3,  or  omitted,  the  target 

exposure  (mi ni -terrai n)  model  plays  three  exposures  or  pos¬ 
tures  (fully  exposed,  hull  defilade,  and  completely  obscured). 

If  option  word  1  is  TWO  or  the  target  exposure  model  plays 
two  exposures  (fully  exposed  and  hull  defilade)  with  the  completely  obscured 
divided  between  the  other  two  postures  in  proportion  to  their  relative 
fractions. 


The  default  option  word  1  is  THREE. 

4.4.10  TARGET  TYPE. 

(a)  general  form:  TARGET  TYPE,  option  word  1 

(b)  Allowable  character  strings  for  option  word  1  are: 
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(1)  1 
(2)  2 

(3)  3 

(4)  4 

(5)  5 

(6)  6 
(7)  Z 

(c)  If  option  word  1  is  i,  then  the  vulnerability  values 

(probability  of  kill  given  a  hit  as  a  function  of  target 
exposure)  for  target  type  i  are  used. 

The  default  target  type  is  1. 

4.4.11  DESIGNATOR  TYPE. 

(a)  general  form:  DESIGNATOR  TYPE,  option  word  1  or 
DESIGTYPE,  option  word  1 

(b)  Allowable  choices  for  option  word  1  are: 

(1)  GILD  or  G 

(2)  MULE  or  M 

(3)  LTD  or  L 

(c)  If  option  word  1  is  GLLD ,  or  omitted,  the  desig¬ 
nator  type  is  the  GLLD;  if  option  word  1  is  MULE  or  M,  the 
designator  type  is  the  MULE;  and,  if  option  word  1  is  LTD  or 
I,  the  designator  type  is  the  LTD. 

The  default  designator  type  is  GLLD. 

See  section  4.8  for  side  effects  of  Designator  Type  Choice. 

4.4.12  DO  POSITION. 

(a)  general  form:  DO  POSITION,  option  word  1 

(b)  Allowable  choices  for  option  word  1  are: 

(1)  VANTAGE  POINT  or  VP 

(2)  MANEUVER  UNIT  or  m. 
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(c)  If  option  word  1  is  VANTAGE  POINT,  VP,  or  omitted,  then 
the  target  posture  table  gives  break  down  into  target 
exposure  as  seen  from  a  vantage  point. 

If  option  word  1  is  MANEUVER  UNIT  or  j^,  then  a  target  posture 
table  is  used  which  gives  the  breakdown  into  target  exposures  as  seen  from 
a  position  down  with  the  maneuver  units. 

The  default  for  DO  POSITION  is  VP. 

4.4.13  WEATHER. 

(a)  general  form:  WEATHER,  option  word  1,  option  word  2  or 
W,  option  word  1,  option  word  2 

(b)  Allov/able  choices  for  option  word  1  are: 

(1)  JUNE  or  J 

(2)  DECEMBER  or  D 

(3)  MARCH  or  M 

(4)  SEPTEMBER  or  S 

Allowable  choices  for  option  word  2  are: 

(1)  1400  or  14 

(2)  0600  or  06 

(3)  2200  or 

(c)  The  weather  data  used  in  COPE  is  grouped  into  sets 

of  data;  each  set  corresponding  to  a  certain  month  and 
time-of-day  combination. 

The  choice  for  option  word  1  determines  the  month  whose  weather 
data  are  to  be  used  for  the  current  case. 

The  choice  for  option  word  2  determines  the  time-of-day  whose 
weather  data  are  to  be  used  for  the  current  case. 

The  defaults  are  JUNE  or  ^  for  option  word  1  and  1400  or  14  for 
option  word  2. 

See  section  4.8  for  side  effects  of  weather  choice. 

4.4.14  ACQUISITION  RANGE  DISTRIBUTION. 

(a)  general  form:  ACQUISITION  RANGE  DISTRIBUTION,  option 
word  1  or  ACQRNGDIST,  option  word  1 
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(b)  Allowable  choices  for  optionword  1  are: 

(1)  AVERAGE  or  A 

(2)  CLOSE  or  C 

(3)  OPEN  or  0. 

(c)  If  option  word  1  is  AVERAGE ,  A,  or  omitted,  then  ^he  ^ 
acquisition  range  and  1 ine-of-sight  segment  length  distri¬ 
butions  used  are  those  for  TETAM  "average"  terrain.  If 
option  word  1  is  CLOSE  or  C,  then  distributions  for  TETAM 
"close"  terrain  are  used.  If  option  word  1  is  OPEN  or  U, 
then  distributions  for  TETAM  "open"  terrain  are  used. 

The  default  is  to  use  TETAM  "average"  terrain. 

See  section  4.8  for  side  effects  of  acquisition  data  choice. 

4.4.15  RESPONSE  TIME. 

(a)  general  form:  RESPONSE  TIME,  option  word  1,  option  word 

2.  option  word  3,  or  RESPTIME,  option  word  1,  option  word  2, 

or  option  word  3 

(b)  Allowable  choices  for  option  word  1  are: 

(1)  FTSILL  or  FS 

(2)  STAUCH  or  S 

(3)  SCUNGIO 

(4)  PAR AM 

Allowable  choices  for  option  word  2  are: 

(1)  DIGITAL  or  D 

(2)  VOICE  or  V 

(3)  a  positive  numerical  value  (which  represents  re¬ 
sponse  time  in  seconds). 

Allowable  choices  for  option  word  3  are: 

(1)  DAY  or  D 

(2)  NIGHT  or  N. 
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(c)  If  option  word  1  is  FT  SILL,  FS,  or  omitted,  then  the 

response  time  distribution  supplied  by  USAFAS  at  FT  Sill  is 
used.  This  plays  the  first  way  of  modeling  delay  time  as 
described  in  Section  2.2.9. 

If  option  word  1  is  STAUCH  or  the  response  time  numbers  are 
obtained  from  the  BCS  DT  II  for  some  processes  and  TACFIRE  tests  for  others. 
These  data  were  supplied  by  Ed  Stauch  of  AMSAA  and  use  the  third  way  of 
modeling  delay  time  as  described  in  Section  2.2.9. 

If  option  word  1  is  SCUNGIO,  then  the  response  time  distribution 
used  is  a  hypothetical  distribution  created  by  Richard  Scungio  of  AMSAA  to 
test  the  sensitivity  of  COPPERHEAD  performance  to  longer  response  time. 

In  this  case  the  third  modeling  of  response  time  (see  Section  2.2.9)  is 
used. 


If  option  word  1  is  PARAM,  then  the  second  way  of  modeling  response 
time  delay  (see  Section  2.2.9)  is  employed  (so-called  "parameterized" 
response  time).  In  this  case,  the  response  time  is  a  constant  equal  to 
the  positive  numerical  value  used  as  option  v/ord  2. 

If  option  word  2  is  DIGITAL,  £,  or  omitted,  then  digital  communication 
is  used  (with  voice  back-up  when  using  the  third  way  of  modeling  in  Section 
2.2.9). 


If  option  word  2  is  VOICE  or  _V,  then  voice  communication  is  used 
(this  will  have  an  affect  only  when  used  with  the  third  way  of  modeling  in 
Section  2.2.9) 

If  option  word  2  is  a  positive  numerical  value,  then  this  value 
is  used  as  the  "parameterized"  response  time.  This  can  only  be  used  with 
the  PARAM  choice  for  option  word  1.  A  zero  or  blank  option  word  2  value 
used  with  PARAM  as  option  word  1  will  cause  the  proqram  to  stop  (see  section 
7.5.18). 

(Note:  If  one  really  wishes  to  run  a  zero  parameterized  response 
time  value,  a  value  of  .001  could  be  used.  The  difference  between  these 
results  and  those  obtained  v/ith  a  true  zero  response  time  would  be  far 
below  the  noise  in  the  model). 

If  option  word  3  is  DAY ,  D^,  or  omitted,  day  time  response  times 
are  used.  If  option  word  Sis  NIGHT  or  then  nighttime  response  times  are 
used.  In  addition,  the  choice  of  day  or  night  influences  the  target  velocity 
and  maximum  designator  range  (see  Sections  4.4.21  and  4.4.22). 

The  defaults  are:  for  option  word  1,  FTSILL;  for  option  word  2, 
DIGITAL;  for  option  word  3,  DAY. 


See  section  4.8  for  side  effects  of  response  time  data  choice. 
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4.4.16  DIRECT  FIRE  SUPPRESSION. 


(a)  general  form:  DIRECT  FIRE  SUPPRESSION,  option  word  1 
or  DFIRESUPPR,  option  word  1 

(b)  Allowable  choices  for  option  word  1  are: 

(1)  HIGH  or  H 

(2)  NONE  or  N 

(c)  If  option  word  1  is  HIGH.  H  or  omitted,  then  the  direct  fire 
suppression  (obscuration  from  direct  fire)  and  kill  table 
used  is  for  a  high  level  of  D.O.  suppression  and  kill  (corre¬ 
sponding  to  tank  fire  at  the  D.O.) 

If  option  word  2  is  NONE  or  N,  then  there  is  no  effect  of  direct 
fire  on  the  D.O.. 

The  default  is  HIGH. 

4.4.17  INVARIANT. 

(a)  general  form:  INVARIANT,  option  word  1 

(b)  Allowable  choices  for  option  word  1: 
none 

(c)  The  only  currently  allowed  choice  for  invariant  data  is 
the  default.  Provision  for  other  choices  is  built  into  the 
program  for  possible  future  use  and  may  be  activated  by  ap¬ 
propriate  preprocessor  run(s). 

4.4.18  RUMC. 

(a)  general  form:  RUMC,  option  word  1 

(b)  Allowable  choices  for  option  word  1  are: 

(1)  NO  or  N 

(2)  a  numerical  value. 

(c)  The  RUMC  (which  stands  for  range  from  unmask  to  centroid) 
value  is  the  distance  from  the  point  at  which  the  target 
breaks  terrain  mask  to  the  centroid  of  the  COPPERHEAD 
footpri nt. 
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If  option  word  1  is  ii  or  omitted,  then  RUMC  is  assumed  to 
vary  with  each  replication  in  such  a  way  that  the  centroid  of  the  footprint 
is  set  at  the  predicted  target  (first  vehicle)  location  for  first  round 
arrival.  This  predicted  location  is  based  on  the  nominal  (estimated)  re¬ 
sponse  time  (including  time-of-fl ight)  and  the  target  velocity. 

If  option  word  1  is  a  numerical  value,  then  RUMC  remains  at  that 
value  for  each  replication. 

The  RUMC  keyword  has  an  effect  only  when  the  MISSION  CODE  is 
PPPT  or  ^  (see  Section  4.4.8).  If  the  MISSION  CODE  is  TOO,  then  the 
program  behaves  as  though  option  word  1  were  NO  regardless  of  what  may  be 
input  on  a  RUMC  card. 

The  default  for  RUMC  is  NO. 

4.4.19  SMOKE. 

(a)  general  form:  SMOKE,  option  word  1,  option  word  2, 
option  word  3 

(b)  Allowable  choices  for  option  word  1: 

(1)  SMOKE  ROUNDS  FIRED  or  SMKRNDS 

(2)  PROBABILITY  SMOKE  KILLS  MISSION  or  PRBSMOKE. 

Allowable  choices  for  option  word  2: 

(1)  a  numerical  value 

Allowable  choices  for  option  word  3: 

(1)  a  numerical  value. 

(c)  If  option  word  1  is  SMOKE  ROUNDS  FIRED,  SMKRNDS,  or 
omitted,  then  option  words  2  and  3  respectively  give  the 
numbers  of  type  1  smoke  rounds  fired  and  type  2  smoke  rounds 
fired. 

If  option  word  1  is  PROBABILITY  SMOKE  KILLS  MISSION  or  PRBSMOKE 
then  option  word  2  gives  the  probability  that  smoke  kills  the  potential 
COPPERHEAD  fire  mission. 

The  default  for  option  word  1  is  SMKRNDS.  The  default  for  option  word 
2  is  484  when  option  word  1  is  SMOKE  ROUNDS  FIRED  or  SMKRNDS,  but  it  is  .40 
when  option  word  1  is  PROBABILITY  SMOKE  KILLS  MISSION  or  PRBSMOKE. 

The  default  for  option  word  3  is  846  when  option  word  1  is  SMOKE 
ROUNDS  FIRED  or  SMKRNDS;  it  is  unused  otherwise. 
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Note:  When  the  first  alternative  for  SMOKE  option  word  1  is 
chosen,  the  probability  that  smoke  aborts  the  potential  COPPERHEAD  mission 
is  calculated  as  a  function  of  the  number  of  smoke  rounds  of  each  type 
fired  and  the  weather  conditions. 

When  the  second  alternative  is  used,  the  value  input  for  option  word 
2  (a  probability  between  0  and  1)  is  used  as  the  probability  that  smoke 
aborts  the  potential  COPPERHEAD  mission.  (See  section  2.2.6) 

4.4.20  DO  ARTILLERY  PK. 

(a)  general  form;  DO  ARTILLERY  PK,  option  word  1  or 
DOARPK,  option  word  1 

(b)  Option  word  1  must  be  either  a  numerical  value  between  0 
and  1  or  omitted. 

(c)  The  numerical  value  input  for  option  word  1  is  used  as 
the  probability  that  the  D.O.  is  killed  by  RED  preparatory 
artil lery  fire. 

The  default  value  is  .01. 

4.4.21  TARGET  VELOCITY. 

(a)  general  form:  TARGET  VELOCITY,  option  word  1  or  TGTVEL , 
option  word  1 

(b)  Option  word  lisa  positive  number  which  gives  the  target 
velocity  in  meters  per  second.  (The  program  is  currently 
set  up  to  accept  only  2,  3,  5,  8,  or  9  as  allowed  velocity). 

(c)  The  value  of  option  word  1  is  used  as  the  target  velocity. 

The  default  target  velocity  is  obtained  from  a  table  (part  of 
the  acquisition  range  data  block)  giving  target  velocities  as  a  function 
of  day  or  night,  weather,  and  terrain  type. 

Note:  For  side  effects  of  velocity  choice,  see  section  4.8. 

4.4.22  MAXIMUM  DESIGNATOR  RANGE. 

(a)  general  form:  MAXIMUM  DESIGNATOR  RANGE,  option  word  1 
or  MAXDESRNG,  option  word  1 

(b)  Option  word  1  is  a  positive  number  giving  the  maximum 
designator  range  in  meters.  This  is  the  designator  range 
mentioned  in  section  2.2.4. 
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The  default  maximum  designator  range  is  obtained  from  a  table 
giving  ranges  as  a  function  of  designator  type  and  day  or  night. 

Note:  For  side  effects  of  designator  range  value,  see  section  4.8. 

4.4.23  BAIL  OUT  RANGE. 

(a)  general  form:  BAIL  OUT  RANGE,  option  word  1  or 
BAILOUTRNG,  option  word  1 

(b)  Option  word  1  is  a  positive  number  giving  the  bail-out 
range  in  meters  (  see  section  2.2.8  and  2.2.10).  The 
default  bail-out  range  is  1000m. 

4.4.24  TIME  OF  FLIGHT. 

(a)  general  form:  TIME  OF  FLIGHT,  option  word  1  or 
TOF,  option  word  1 

(b)  Option  word  1  is  a  positive  number  giving  the  time  of  flight 
of  the  COPPERHEAD  round  in  seconds. 

The  default  value  for  time  of  flight  is  obtained  from  a  table 
giving  times  of  flight  as  a  function  of  gun-to-target  range. 

Note:  For  side  effects  of  time  of  flight  value,  see  section  4.8. 

4.4.25  ANGLE  T. 

(a)  general  form:  ANGLE  T,  option  word  1 

(b)  Option  word  1  is  a  number  giving  the  angle  (in  degrees) 
between  the  gun-to-target  line  and  the  designator-to-target 
line.  The  default  value  is  25  degrees. 

Note:  For  side  effects  of  angle  T  value,  see  section  4.8. 

4.4.26  DUST. 


(a)  general  form:  DUST,  option  word  1 

(b)  Option  word  1  is  a  number  from  0  to  1  whose  value  is 
the  probability  that  dust  kills  the  potential  COPPERHEAD 
mission. 

The  default  value  is  .37. 

4.4.27  PROBABILITY  OF  SUCCESSFUL  VOICE  TRANSMISSION. 

(a)  general  form:  PROBABILITY  OF  SUCCESSFUL  VOICE  TRANS¬ 
MISSION,  option  word  1  or  PRBVOCTRAN,  option  word  1 
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(b)  Option  word  1  is  a  number  from  0  to  1  whose  value  is  the 
probability  that  voice  communication  is  established  between  the  D.O.  and 
the  battery  FDC. 

The  default  value  is  .975. 

4.4.28  PROBABILITY  OF  SUCCESSFUL  DIGITAL  TRANSMISSION. 

(a)  general  form:  PROBABILITY  OF  SUCCESSFUL  DIGITAL  TRANS¬ 
MISSION,  option  word  1  or  PRBDGTTRAN,  option  word  1 

(b)  Option  word  1  is  a  number  from  0  to  1  whose  value  is  the 
probability  that  digital  communication  is  established  be¬ 
tween  the  D.O.  and  the  battery  FDC. 

The  default  value  is  .915. 

4.4.29  ROUND  IN  FLIGHT  RELIABILITY. 

(a)  general  form:  ROUND  IN  FLIGHT  RELIABILITY,  option  word 

or  RNDFLTREL,  option  word  1 

(b)  Option  word  1  is  a  number  between  0  and  1  whose  value  is 
the  probability  that  the  round  is  reliable  (functions 
properly) . 

The  default  value  is  .96. 

4.4.30  TIME  BETWEEN  ROUNDS. 

(a)  general  form:  TIME  BETWEEN  ROUNDS,  option  word  1  or 
TBR,  option  word  1 

(b)  Option  word  1  is  a  number  whose  value  is  the  time  (in 
seconds)  between  the  firing  of  successive  COPPERHEAD  rounds. 

The  default  value  is  20  seconds. 

4.4.31  NUMBER  OF  REPLICATIONS. 

(a)  general  form:  NUMBER  OF  REPLICATIONS,  option  word  1  or 
NUMREP,  option  word  1 

(b)  Option  word  1  is  the  number  of  replications  (i.e. ,  Monte 

Carlo  sample  size  of  potential  COPPERHEAD  fire  missions)  to  be 

used  for  the  current  case. 

4.4.32  NUMBER  OF  ROUNDS  TO  BE  FIRED. 

(a)  general  form:  NUMBER  OF  ROUNDS  TO  BE  FIRED,  option 
word  1  or  NUMRNDS,  option  v/ord  1 
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(b)  Option  word  1  is  the  number  of  rounds  to  be  fired  on  each 
potential  COPPERHEAD  fire  mission  of  this  case  that  reaches  the  point 
where  firing  occurs  (i.e.,  a  "shot"  event).  Since  each  round  is  fired  and 
completes  its  flight  (successfully  or  not)  before  the  next  round  arrives, 
one  may  choose  to  think  of  the  number  of  rounds  to  be  fired  as  the  number 
of  one  round  volleys  to  be  fired. 

The  default  value  is  6  rounds. 

4.4.33  NUMBER  OF  VEHICLES  PER  TARGET. 

(a)  general  form:  NUMBER  OF  VEHICLES  PER  TARGET,  option 
word  1  or  NUMVEHTGT,  option  word  1 

(b)  Option  word  1  is  the  number  of  vehicles  in  the  target 
col umn. 

The  default  value  is  10  veliicles. 

4.4.34  DISTANCE  BETWEEN  VEfllCLES. 

(a)  general  form:  DISTANCE  BETWEEN  VEHICLES,  option  word  1 
or  DISTBVEH,  option  word  1 

(b)  Option  word  1  is  the  mean  distance  (in  meters)  between 
adjacent  vehicles  in  the  target  column. 

The  default  value  is  61  meters. 

4.4.35  GUN  TARGET  RANGE. 

(a)  general  form:  GUN  TARGET  RANGE,  option  word  1  or 
GTRNG,  option  v;ord  1 

(b)  Option  word  1  is  the  gun-to-target  range  in  kilometers. 

The  default  value  is  8  kilometers. 

Note:  For  the  side  effects  of  gun-to-target  range,  see  section  4.8. 

4.4.36  REFLECTIVITY. 

(a)  general  form:  REFLECTIVITY,  option  word  1  or  REFLECT, 
option  word  1 

(b)  Option  word  lisa  number  between  0  and  1  whose  value  is 
the  reflectivity  of  the  target  to  laser  energy  (i.e.,  it  is  the 
fraction  of  the  laser  energy  at  the  designator's  frequency  that 
is  reflected  by  the  target). 
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The  default  value  is  .10. 

Note:  The  side  effects  of  reflectivity  are  discussed  in  section  4.8. 

4.4.37  DEFLECTION  BIAS. 

(a)  general  form:  DEFLECTION  BIAS,  option  word  1  or  DEFB , 
option  word  1 

(b)  Option  word  1  is  the  value  in  meters  of  the  deflection 
bias  which  is  to  be  defined  as  the  minimum  distance 
from  the  target  column's  path  (a  line)  to  the  footprint 
centroid  (a  point). 

The  default  value  is  0. 

Note:  The  side  effects  of  deflection  bias  are  discussed  in 
section  4.8. 


4.4.38  TARGET  HEADING. 

(a)  general  form:  TARGET  HEADING,  option  word  1  or  TGTHDG , 
option  word  1 

(b)  Option  word  1  is  a  number  whose  value  is  the  angle  (in 
degrees)  between  the  target's  line  of  travel  and  the 
target-to-gun  line. 

The  default  value  is  0. 

Note:  The  side  effects  of  target  heading  are  discussed  in 
section  4.8. 


4.4.39  SEEKER  SENSITIVITY. 

(a)  general  form:  SEEKER  SENSITIVITY,  option  word  1  or 
SEEKSENS,  option  word  1 

(b)  Option  word  lisa  number  whose  value  is  the  minimum 
amount  (threshold  value)  of  energy  per  area  (in  joules  per 
square  meter)  that  must  reach  the  COPPERHEAD  seeker  in 
order  to  initiate  maneuver. 

The  default  value  is  60  joules/m2.  (jhe  true  value  is  not  used 
as  the  default  to  avoid  any  possible  classification  problem.) 

Note:  The  side  effects  of  the  seeker  sensitivity  value  are 
discussed  in  section  4.8. 
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4.4.40  PROBABILITY  OF  A  CORRECT  MESSAGE. 

(a)  general  form:  PROBABILITY  OF  A  CORRECT  MESSAGE,  option 
word  1  or  PROBCORMSG,  option  word  1 

(b)  Option  word  1  is  a  number  whose  value  is  the  probability 
that  the  D.O.  sends  correct  information  to  the  FDC  and  the 
FDC  interprets  it  correctly. 

The  default  value  is  .975. 

4.4.41  PROBABILITY  DO  WARNED  TO  LASE. 

(a)  general  form:  PROBABILITY  DO  WARNED  TO  LASE,  option  word 
j_  £r  PROBDOWARN,  option  word  1 

(b)  Option  word  1  is  a  number  whose  value  is  the  probability  that 
the  message  warning  the  D.O.  to  begin  lasing  for  the  first 
COPPERHEAD  round  is  transmitted  and  received  successfully. 

The  default  value  is  .975. 

4.5  Special  keywords:  OVERRIDE,  TEMPORARY,  RESET. 

4.5.1  Correspondence  of  Data  Blocks  to  Keywords.  As  mentioned 
previously,  a  large  part  of  the  data  used  in  each  case  is  grouped  into 
eight  blocks.  Each  of  these  blocks  is  normally  filled  by  reading  a  record 
from  a  word  addressible  mass  storage  file  that  is  created  by  the  PREPMS 
and  PAM  programs.  The  choice  of  which  particular  record  to  read  from 
the  file  to  fill  each  data  block  depends  on  the  various  keywords  and  option 
v/ords  for  the  case. 

This  correspondence  of  data  blocks  to  keywords  can  be  summarized 
as  follows: 

Record  to  be  read  for  Depends  on  options 


data 

block  of  this  type 

for  this  (these)  keywords 

(1) 

Weather 

WEATHER 

(2) 

Acquisition  range  data 

ACQRNGDIST 

(3) 

Response  time  data 

RESPTIME 

(4) 

Direct  fire  suppression  data 

DFIRESUPPR 

(5) 

Random  occurrence  data 

ACQRNGDIST  and  TGTVEL 

(6) 

Probability  of  engagement  data 

RESPTIME,  MSNCODE,  DESIGTYPE, 
TGTVEL,  GTRNG,  REFLECT,  ANGLE 
T,  DEFLB,  TGTHDG,  SEEKSENS 

4-18 


FO  POSITION 


(7)  Target  posture  distribution 

(8)  Invariant  data  INVARIANT 

As  can  be  seen,  there  is  but  one  keyword  influencing  the  choice 
of  record  to  be  read  for  each  data  block  except  in  the  cases  of  random 
occurrence  data  and  probability  of  engagement  data. 


4.5.2  OVERRIDE  and  TEMPORARY  Features.  Two  additional  methods 
of  filling  in  a  data  block  are  provided.  The  first  is  to  choose  a  record 
from  the  word  addressible  mass  storage  file  to  be  read  into  the  data  block 
without  regard  to  the  options  chosen  for  the  keyword(s)  that  would  normally 
determine  the  record  choice;  this  is  the  OVERRIDE  feature. 
to  actually  supply  alternative  data  as  traditional  formatted  FORTRAN  inputs 
to  be  read  into  the  data  block;  this  is  the  TEMPORARY  feature. 


The  OVERRIDE  option  is  provided  primarily  so  that  one  can  choose 
to  use  probability  of  engagement  (PE)  data  that  has  been  generated  with 
one  set  of  conditions  under  other,  not  too  different,  conditions  without 
having  to  re-run  the  PAM  program.  For  example,  PE  data  for  a  case  with 
nominal  response  time,  130  sec.  could  be  used  to  run  a  case  identical  (in 
those  factors  affecting  PE)  except  for  a  nominal  response  time  of  150  sec. 

The  advantage  of  this  procedure  is  that  one  can  avoid  re-running  the  relative 
expensive  PAM  program  in  those  cases  where  the  factors  affecting  PE  have 
changed  very  little.  The  disadvantage,  of  course,  is  that  there  are  no 
efficient  objective  criteria  available  to  determine  v/hether  the  errors 
introduced  by  using  wrong  (but,  it  is  hoped,  approximate)  PE  data  are 
significant  in  a  given  situation. 


ly 


The  TEMPORARY  option  is  provided  so  that  one  can  directly  load 
data  into  any  data  block  without  having  to  use  the  PREPMS  preprocessor 
program.  This  option  allows  one  to  use  data  for  a  given  run  without  running 
the  PREPMS  program  to  make  that  data  a  "permanent"  record  in  the  data  base 
file.  This  option  was  provided  for  flexibility,  but  was  not  exercised  at 
all  in  the  original  COPPERHEAD  Operational  Performance  Evaluation  done  for 
the  COEA. 


4.5.3  Using  the  OVERRIDE. 

(a)  general  form:  OVERRIDE  ,  keyword,  option  word  1  or 
OVERIDE,  keyword,  option  word  1 

(b)  Choices  for  keyword  are: 

(1)  WEATHER  or  W 

(2)  ACQUISITION  RANGE  DISTRIBUTION  or  ACQRNGDIST 

(3)  RESPONSE  TIME  or  RESPTIME 
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(4) 

DIRECT  FIRE  SUPPRESSION  or  DFIRESUPPR 

(5) 

RANDOM  OCCURRENCE  DISTRIBUTION  or  RODIST 

(6) 

PEDATA 

(7) 

TARGET  POSTURE  DISTRIBUTION  or  TGTPSTDIST 

(8) 

INVARIANT 

Option  word  1  is  the  name  of  any  record  (on  the  random  access 
mass  storage  data  base  file)  containing  data  for  the  data  block  type  specified 
by  the  keyvrard  choice. 

(c)  The  OVERRIDE  causes  the  selected  data  block  (or  blocks, 
if  more  than  one  OVERRIDE  card  is  used  in  a  case)  to  be 
filled  with  data  from  the  record  whose  name  is  option  word  1. 

There  is  no  default  for  OVERRIDE.  An  error  will  result  from  the 
omitting  of  either  the  keyword  or  option  word  1. 

No^:  If  the  record  name  includes  one  or  more  blanks  or  separators 
then  the  record  name  must  be  preceded  by  a  "$"  (dollar  sign).  The  ten 
characters  forming  the  record  name  must  immediately  follow  the  dollar 
sign,  any  blanks  in  tne  name  must  be  included  in  their  proper  positions, 
and  no  excess  blanks  may  be  inserted.  For  present  purposes,  separators*include 
commas,  slashes,  question  marks,  and  parentheses. 

4.5.4  Using  TEMPORARY. 

(a)  general  form;  TEMPORARY,  keyword  or  TEMP,  keyword 

(b)  Choices  for  keyword  are  as  in  section  4.5.3. 

(c)  The  use  of  the  TEMPORARY  option  will  cause  the  program 

to  begin  reading  data  in  FORTRAN  formatted  fashion.  Hence, 
each  use  of  the  TEMPORARY  option  must  be  immediately  fol¬ 
lowed  by  the  formatted  data  cards  to  be  read  to  fill  the 
data  block  selected  by  the  keyword. 

yhe  formats  to  be  used  and  the  data  to  be  supplied  for  each 
block  are  identical  to  those  used  by  the  PREPMS  program  for  the  corresponding 
block  (see  section  14.4.2). 

If  the  keyword  is  PEDATA,  then  one  has  the  further  option 
of  reading  the  formatted  cards  from  a  separate  file  (TAPE  4).  To  use 

^  ^3rd:  USE  TAPE  4  must  be  the  next  card  after  the  TEMPORARY, 

PEDm  card;  then  the  formatted  data  should  be  on  a  file  to  be  reaFbv - 

I/O  unit  4. 

There  is  no  default  for  TEMPORARY. 
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4.5.5  RESET. 


(a)  general  form:  RESET ,  keyword 

(b)  Allowable  keywords  are  as  in  section  4.5.3. 

(c)  This  card  will  reset  the  default  conditions  for  the 
keyword  chosen.  Its  use  is  mainly  to  undo  an  OVERRIDE  or 
a  TEMPORARY  without  having  to  use  NEXT  CASE,  RD  which 
might  reset  other  defaults  not  desired. 

Note-  The  effect  of  an  OVERRIDE  or  TEMPORARY  used  on  PEDATA 
or  RANDOM  OCCURRENCE  DISTRIBUTION  (RODIST)  can  be  undone  only  by  a  RESET, 
a  NEXT  CASE,  RD,  or  another  OVERRIDE  or  TEMPORARY  for  the  same  data  block. 

The  effect  of  an  OVERRIDE  or  TEMPORARY  for  any  other  data  block 
can  also  be  undone  by  a  card  of  the  usual  form  for  that  data  block's  keyword 
(i.e.,  keyword,  option  word  1,  option  word  2,  - ). 

■  There  is  no  default  on  the  RESET  card. 

4.6  Comments. 

4.6.1  General  Remarks  on  Comments.  The  program  allows  three 
types  of  user  comment  cards  to  be  included  in  the  input.  In  addition,  the 
program  itself  generates  some  comments  under  certain  conditions.  The 
program  generated  comments  are  detailed  in  sections  7.1  and  7.2. 

User  comments  in  the  input  card  deck  (or  card  image  file)  are 
identified  by  having  "$"  (dollar  sign)  in  the  first  one,  two,  or  three 
columns  of  the  card. 

4.6.2  $  Comments.  Cards  having  a  "$"  in  column  1  but  not  in 
column  2  are  user  comment  cards  which  are  totally  ignored  by  the  program. 
When  one  is  read,  the  program  merely  goes  to  the  next  input  card  and  reads 
that. 


This  type  of  comment  is  provided  only  so  that  the  user  can 
leave  reminders,  separate  sections  of  input,  or  otherwise  label  inputs 
without  having  an  effect  on  program  printouts. 

4.6.3  $$  Comments.  Cards  having  "$"  in  columns  1  and  2  but 

not  in  column  3  are  user  comment  cards  vi^ich  are  reproduced  within  the 
current  case's  printout  only. 

The  comment  (contents  of  the  card)  will  be  reproduced  (less 
the  first  two  columns)  with  the  symbols  "**  USER  **"  preceding  it  in 
the  comment  section  of  the  case's  printout.  (See  sample  case.  Appendix  D  .) 

These  comments  should  be  used  to  note  any  special  details 
about  a  case. 
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4.6.4  $$$  Comments.  Cards  having  "$"  in  columns  1,  2,  and  3 

are  user  comments  that  are  printed  out  immediately  upon  being  encountered 
by  the  program.  Again  the  symbols  "**  USER  **"  are  appended  to  the  front 
of  the  comment  and  the  $'s  in  columns  1-3  are  removed. 

These  comments  are  printed  on  a  special  page  separate  from  any 
case  s  printout.  It  vyas  originally  intended  that  "$$$"  comments  be  put  at 
the  beginning  of  the  input  before  the  FIRST  CASE  card;  however,  wherever 
they  are  put  a  special  page  will  be  printed  containing  them,  and  this  page 
will  occur  in  the  printout  immediately  after  the  previous  case's  printout; 
or,  (if  there  has  been  no  case  run  yet)  immediately  after  the  title  page.’ 

4.7  DATA  Statement  Data. 


There  are  many  data  which  are  set  in  data  statements  rather  than 
read  in  from  cards  or  disk  file  with  each  run  or  case. 


As  a  general  rule,  these  data  are  either  labels  (alphanumeric 
data)  or  numbers  that  do  not  change  from  run  to  run. 

All  of  these  data  statements  have  been  collected  into  the  BLOCK  DATA  sub¬ 
program  BDATAl.  They  are  now  described  common  block  by  common  block: 

4.7.1  ABRLBL.  This  common  block  contains  the  abort  labels 
(i.e.,  alphanumeric  texts)  that  identify  the  abort  causes  on  the  printouts. 
They  reside  in  the  IDABRT  array  and  are  entered  as  Hollerith  constants. 


4.7.2  ACHAR.  This  common  block  consists  of  the  CHAR  array 
which  contains  tfie  keywords  used  to  input  COPE  case  descriptors.  Each 
keyword  is  entered  as  a  string  of  Hollerith  constants.  In  addition,  corre¬ 
sponding  to  each  keyword  character  string  are  two  numbers,  the  first  of 
which  is  the  keyword  number  and  the  second  of  which  is  the  number  of 
distinct  option  word  character  strings  allowed  with  that  keyword.  (Note: 

The  second  number  as  entered  in  the  data  statement  line  for  each  keyword 
is  overwritten  by  numbers  taken  from  the  record  named  OPTNNUMS  on  the 
random  access  mass  storage  data  base  file.  Thus,  when  the  number  of  distinct 
optionword  character  strings  allowed  with  a  given  keyword  changes,  there 
is  no  need  to  adjust  the  data  statement;  the  pre-processor  program  PREPMS 
is  used  to  adjust  the  value  in  OPTNNUMS  to  the  correct  value.  (See  section 
14.5.) 


Also, NREC,  the  total  number  of  keyword  character  strings, is 
set  in  this  common  block's  data  statements. 

4.7.3  DESRNG.  This  common  block  contains  the  DESRNG  array 
which  consists  of  the  default  values  for  maximum  designator  range. 

DESRNG  (I,  J)  is  the  maximum  designator  range  for  designator 
type  I  under  condition  J  v/here  J=1  for  day  and  J=2  for  night. 
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4.7.4  DISPLY.  This  common  block  contains  the  DISPT,  DISPM, 
RECLBL,  and  TMPLBL  arrays,  all  of  which  are  defined  in  the  variable  glossary 
(see  chapter  12).  Each  of  these  arrays  consists  of  alphanumeric  constants 
entered  as  Hollerith  data. 

4.7.5  FLTTIM.  This  common  block  consists  of  the  TOP ARY  array. 

The  array  gives  the  default  times  of  flight:  TOFARY  (I)  is  the  COPPERHEAD 
time  of  flight  for  a  gun-to-target  range  of  I  (currently  only  1=8  and  1=12 
are  used). 


4.7.6  FSRESP.  This  common  block  consists  of  the  FSRT  array 
which  contains  the  FT  Sill  supplied  response  time  distribution. 

4.7.7  HEADNG.  This  common  block  contains  the  ACQLBL,  OAYLBL, 
DFSLBL,  DGTLBL,  DOLBL,  ROLBL,  and  RSPLBL  arrays  all  of  which  are  defined 
in  the  glossary  of  variables  (chapter  12). 

Each  of  these  arrays  consists  of  alphanumeric  constants 
entered  as  Hollerith  data. 

4.7.8  LOGFLG.  This  common  block  contains  various  logical  flags: 
FIRSTL,  SEQNML,  SPCL  array,  and  SHRTEC  all  of  which  are  defined  in  the 
glossary  of  variables  (chapter  12). 

These  are  all  logical  type  variables. 

4.7.9  POINT.  This  common  block  contains  the  IPOINT  array  used 
in  Subroutine  INPUT  to  direct  control  to  various  parts  of  a  computed 
GOTO. 


4.7.10  SMOKED.  Only  the  SMK2  and  SMK5  arrays  plus  the  variable 
FRONT  of  this  common  block  are  filled  in  via  data  statements.  They  are 
all  defined  in  the  variable  glossary  (chapter  12). 

4.7.11  STITLE.  This  common  block  contains  SEVERS  and  the  VERDAT 
array.  Both  are  used  in  the  title  page  printout. 

4.7.12  SYMBOL.  This  common  block  consists  of  the  ALFBET,  ANUMBR, 
and  SEP  arrays  plus  the  single  variables  BLANK,  DECPNT,  and  DOLLAR.  They 
are  all  alphanumeric  constants  filled  in  as  Hollerith  data  and  defined  in 
the  glossary  of  variables  (chapter  12). 

4.7.13  XVALUE.  This  common  block  contains  the  XVALUE  array 
which  is  used  to  generate  PEDATA  record  names.  (See  sections  5.4  and 
9.34.) 


4-23 


4.8  Side  Effects  of  Certain  Inputs. 

There  are  a  number  of  dependencies  and  side  effects  connected 
with  some  of  the  inputs. 

First,  the  choice  of  response  time  data  (4.4.15)  and  mission  code 
(4.4.8)  together  with  time-of-fl ight  determine  the  nominal  response  time. 
(Time-of-fl ight  itself  may  be  determined  either  by  direct  input  (4.4.24)  or 
as  a  result  of  the  choice  of  gun-to-target  range  (4.4.35)). 

The  nominal  response  time,  designator  type  (4.4.11),  target 
velocity  (4.4.21),  angle  T  (4.4.25),  gun-to-target  range  (4.4.35),  reflec¬ 
tivity  (4.4.36),  deflection  bias  (4.4.37),  target  heading  (4.4.38),  and 
seeker  sensitivity  (4.4.39)  are  all  used  to  determine  the  name  of  the  PE 
data  record  (see  section  5.4).  Indeed,  angle  T,  reflectivity,  deflection 
bias,  target  heading,  and  seeker  sensitivity  play  no  other  roles  in  COPE 
than  to  affect  the  PE  data  (by  determining  the  PE  data  record  name)  and  to 
appear  on  the  case  heading  page  (see  section  6.3)  for  identification  purposes. 

The  maximum  designation  range  (4.4.22)  depends  on  the  time  of  day 
(day  or  night)  input  with  response  time  data  (4.4.15)  and  the  designator 
type  (4.4.11).  The  maximum  designator  range  can  also  be  set  by  direct 
input  (4.4.22);  however,  the  user  must  take  care  to  see  that  the  PE  data  as 
well  as  TTF  and  RNGTTF  arrays  contain  values  appropriate  for  the  maximum 
designator  range  used. 

The  target  velocity  (4.4.21)  can  be  input  directly  or  as  a  result 
of  the  time  of  day  (day  or  night)  used  for  the  response  time  data  (4.4.15), 
the  month  used  for  weather  (4.4.13),  and  the  terrain  type  (4.4.14)  used  for 
acquisition  data.  (The  VELTBL  array  may  need  adjusting  if  additional  choices 
are  allowed  for  acquisition  data  or  weather.) 

Finally,  the  weather  data  (4.4.13)  has  a  strong  side  effect  on 
the  effectiveness  of  smoke  when  the  SMOKE  option  (4.4.19)  that  plays  a 
specified  number  of  smoke  rounds  is  used. 
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CHAPTER  5 


5.  PREPARING  TO  RUN  COPE 

Prior  to  running  the  main  COPE  program,  it  is  necessary  to  run 
the  preprocessor  programs  to  create  the  v/ord  addressable  mass  storage  data 
base  file  (TAPE  11).  This  chapter  describes  the  role  of  each  preprocessor, 
the  structure  of  TAPE  11,  and  the  interfacing  of  TAPE  11  with  each  of  the 
programs  by  means  of  the  record  names. 

5.1  Preprocessor  Programs. 

There  are  three  programs  that  may  be  regarded  as  preprocessors 
to  the  main  COPE  simulation  program.  These  three  programs  are  called: 

(1)  PREPMS  which  stands  for  preprocessor  mass  s_torage, 

(2)  PRBLOS  which  stands  for  probability  of  H ne-of-^i ght , 
and 

(3)  PAM  which  stands  for  probability  of  seeker  a^cquisition 
and  round  maneuver. 

More  detailed  information  on  PREPMS,  PRBLOS,  and  PAM  is  included 
in  chapters  14,  15,  and  16  respectively  of  this  report.  In  addition,  more 
thorough  documentation  of  PAM  is  to  be  published  in  a  future  separate 
AMSAA  Technical  Report. 

As  mentioned  in  chapter  4  of  this  report,  much  of  the  data  used 
in  each  COPE  case  is  grouped  into  eight  data  blocks.  These  data  blocks 
are  filled  by  reading  records  from  TAPE  11  (except  in  the  case  of  the 
TEMPORARY  option  described  in  section  4.5).  The  main  purpose  of  the  PRLI  MS 
program  (and  one  of  the  purposes  of  the  PAM  program)  is  to  fill  values 
into  the  records  on  TAPE  11  in  such  a  way  that  they  are  accessible  to  the 
main  COPE  program. 

The  PREPMS  program  is  used  to  fill  in  records  for  data  blocks 
for  weather  data,  acquisition  range  data,  response  time  data,  direct  fire 
suppression  data,  random  occurrence  data,  target  posture  data,  and  invariant 
data.  It  can  also  be  used  to  fill  in  records  for  PE  (probability  of  engageme 
data,  but  this  feature  has  never  been  used  because  the  PAM  program  which 
generates  PE  data  has  been  modified  to  write  its  results  directly  to  TAPE 
11  and  the  choice  of  record  name  has  been  entirely  automated  in  this  case. 
Finally,  the  PREPMS  program  is  also  used  to  establish  and  modify  the  option 
words  allotved  as  choices  with  each  keyword  (described  in  sections  4.4.1 
through  4.4.19  except  for  those  optionword  choices  described  as  "a  numerical 
value"  in  sections  4.4.18  and  4.4.19). 
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The  PRBLOS  program  is  used  to  calculate  the  probabilities  of 
1 ine-of-sight  at  various  ranges.  These  values  are  then  used  in  the  random 
occurrence  1 i ne-of-sight  model.  They  are  read  from  the  PRBLOS  printout 
and  entered  by  hand  as  input  to  PREPMS.  Because  the  PRBLOS  program  does 
not  directly  act  on  TAPE  11,  it  shall  not  concern  us  further  in  this  chapter 
(see  chapter  15  for  complete  discussion  of  PRBLOS). 

The  PAM  program  takes  as  input  the  parameter  values  describing 
the  conditions  under  v/hich  probability  of  engagement  is  to  be  computed. 

It  then  computes  the  PE  data  values,  creates  a  record  name  for  its  current 
block  of  Pc  data  by  encoding  the  input  conditions  according  to  a  scheme 
also  used  in  the  main  COPE  program,  and  then  writes  the  PE  data  to  TAPE  11 
under  that  record  name. 

5.2  Word  Addressable  Mass  Storage  Data  Base  File  (TAPE  11). 

The  word  addressable  mass  storage  data  base  file  (TAPE  11)  consists 
of  the  recoros  containing  the  data  to  be  used  by  each  of  the  eight  data 
blocks  mentioned  in  chapter  4,  the  records  of  option  v/ords  allowed  with 
each  keyword  (applies  only  to  keywords  described  in  sections  4.4.1  through 
4.4.19  and  excludes  any  option  words  described  as  "a  numerical  value"),  and 
a  record  called  OPTNNUMS  that  records  the  number  of  option  word  character 
strings  allowed  for  each  keyword. 

TAPE  11  is  a  CDC  word  addressable  mass  storage  file  using  a 
name  type  master  index.  (This  file  type  and  the  way  it  is  interfaced 
with  a  FORTRAN  program  is  explained  in  the  CDC  Fortran  Extended  Version  4 
Reference  Manual  chapter  8,  a  section  titled  "Mass  Storage  Input/Output"). 

The  important  feature  to  note  here  is  that  this  file  type  (with  a  name 
type  master  index)  is  organized  as  a  set  of  records  each  consisting  of  one 
or  more  words  of  data  and  each  having  a  unique  record  name  of  one  to  ten 
characters.  This  unique  record  name  is  set  when  the  record  is  created  and 
must  be  used  by  any  program  that  either  reads  or  modifies  the  record.  It 
is  by  using  the  same  system  of  record  names  in  the  COPE  program  as  in  the 
preprocessors  PREPPE  and  PREPiMS  that  the  data  records  written  by  the  pre¬ 
processors  can  be  read  by  the  main  COPE  program. 

5.3  Record  Names. 


5.3.1  Weather  Data  Record  Name.  The  record  name  of  the 
data  to  be  used  in  the  weather  data  block  (the  WDATA  array)  has  the  form  • 
mmmtttt021  where  mmm  are  the  first  three  letters  of  the  name  of  the  month 
of  the  v/eather  data,  tttt  are  four  numbers  giving  the  time  of  day  (24  hour 
military  time)  of  the  weather  data,  and  the  021  are  three  numbers  signifying 
that  WEATHER  has  keyword  number  21.  a  j  a 

Examples ; 

JUN0600021  is  the  record  name  for  weather  data  for  a 
June  day  at  0600  (6  AM). 
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SEP2200021  is  the  record  name  for  weather  data  for  a 
September  day  at  2200  (10  PM). 

5.3.2  Acquisition  Data  Record  Name.  The  record  name  of  the 
data  to  be  used  in  the  acquisition  range  data  block  (the  ACQDAT  array) 
has  the  form:  ACQDATnn22  where  nn  are  two  digits  giving  the  number  of  the 
choice  for  option  word  1  used  with  keyword  22  (section  4.4.14). 

Exampl es : 

ACQDAT0122  is  the  record  name  of  the  acquisition  range  and 

LOS  segment  length  data  to  be  used  when  option  word 
AVERAGE  is  used  with  keyword  22  (ACQRNGDIST) 

ACQDAT0322  is  the  record  name  of  the  data  to  be  used  with 
OPEN  terrain. 

5.3.3  Response  Time  Data  Record  Name.  The  record  name  of 
the  data  to  be  used  in  the  response  time  data  block  (RSPDAT  array)  is 
of  the  form:  RSPDATnn23  where  nn  are  two  digits  giving  the  number  of 
the  choice  for  option  word  1  used  with  keyword  23  (section  4.4.15) 

Exampl es : 

RSPDAT0123  is  the  name  of  the  record  containing  the 

response  time  data  to  be  used  when  the  ETSILL  option 
is  selected. 

RSPDAT0223  is  the  name  of  the  record  containing  the 
response  time  data  for  the  STAUCH  option. 

Note:  There  is  no  data  record  corresponding  to  the  PAR AM  choice 
for  option  word  1.  This  is  because  the  PAR AM  choice  for  option  word  1 
causes  the  program  not  to  require  any  of  the  data  in  the  response  time 
data  block. 


5.3  4  Direct  Fire  Suppression  Data  Record  Name.  The  record 
name  of  the  data  to  be  used  in  the  direct  fire  suppression  data  block 
(DFSDAT  array)  is  of  the  form:  DFSDATnn24  where  nn  are  two  digits  giving 
the  number  of  the  choice  for  option  word  1  used  with  keyword  24  (section 
4.4.16) 


Example: 

DFSDAT0124  is  the  record  name  for  HIGH  direct  fire  suppression 
data. 

5.3.5  Random  Occurrence  Data  Record  Name.  The  record  name 
of  the  data  to  be  used  in  the  random  occurrence  data  block  (RODATA  array) 
is  of  the  form:  RODAVmTRNn  where  m  is  the  target  velocity  in  meters  per 
second  (obviously  between  0  and  9)  and  n  is  the  terrain  type  number  (corresponds 
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to  number  of  option  word  1  on  ACQRNGDIST  card,  i.e.,  1  for  AVERAGE,  2  for 
CLOSE,  3  for  OPEN). 

Example: 

R0DAV8TRN2  is  the  record  name  for  the  random  occurrence 

data  to  be  used  v/hen  target  velocity  is  8  m/s  and 
terrain  type  is  2  (CLOSE). 

Note:  The  program  is  currently  set  up  only  for  velocities  of 
2,  3,  5,  8,  and  9.  Furthermore,  2  and  8  are  treated  as  3  and  9  respectively 
when  it  comes  to  looking  up  RODATA  and  PEDATA. 

5.3.6  Target  Posture  Distribution  Data  Record  Name.  The  record 
name  of  the  data  to  be  used  in  the  target  posture  data  block  (PSTDAT  array) 
is  of  the  form:  PSTDATnn27  where  nn  is  the  number  of  the  choice  for  option 
word  1  used  with  keyword  17  (section  4.4.12). 

Example: 

PSTDATOl 27  is  the  record  name  for  the  target  posture  distribution 
used  when  FO  POSITION  is  VANTAGE  POINT. 

Note:  Keyword  17  (FO  POSITION)  and  keyword  27  (TARGET  POSTURE 
DISTRIBUTION)  could  each  be  used  to  control  the  choice  of  target  posture 
distribution  data,  but  only  keyword  17  (FO  POSITION)  has  been  provided 
with  optionwords  and  is  the  only  one  of  the  two  explained  in  section  4.4. 

5.3.7  Invariant  Data  Record  Name.  The  record  name  of  the 
data  used  in  the  invariant  data  block  (AINVDA  array)  is  of  the  form: 
AINVDAnn28  where  nn  is  the  number  of  the  choice  for  option  word  1  used 
with  keyword  28. 

Example: 

AINVDA0128  is  the  record  name  for  the  invariant  data  used 
with  the  default  (omitted)  option  word  1. 

Note:  The  keyword  INVARIANT  is  currently  set  up  to  accept  no 
option  words  (other  than  a  blank  which  is  equivalent  to  the  default). 

5.3.8  Option  Word  Record  Names.  For  each  keyword  numbered 
less  than  41  (see  section  5.3.9  for  keyword  numbers)  there  may  be  some 
option  words  that  are  not  numerical  values  (see  sections  4.4.1  through 
4.4.19  for  the  current  option  word  choices  available  with  each  keyword). 

To  create,  modify,  or  add  to  the  list  of  character  strings 
that  can  be  used  with  any  keyword,  it  is  necessary  to  run  PREPMS  with 
input  specifying  the  keyword  (in  its  abbreviated  form  of  ten  characters  or 
less),  the  total  number  of  option  word  character  strings  that  can  be  used 
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with  that  keyword  and  the  keyword  number  as  well  as  the  option  word  number, 
the  option  word  choice  number  and  the  option  word  character  string  for 
each  option  word  choice.  The  formatting  of  this  data  is  explained  in  chapter 
14,  but  an  explanation  of  its  meaning  is  provided  by  the  sample  input 
fol lowing: 


OPTION  WORDS,  W,  10,  21 

1,  2,  JUNE 

1,  2,  J 

2,  2,  DECEMBER 

2,  2,  D 

1,  3,  1400 

1,  3,  14 

2,  3,  0600 

2,  3,  06 

3,  3,  2200 

3,  3,  22 

where  the  first  line  indicates  that  option  word  allowable  choices  are 
being  set  for  keyword  W  (or  WEATHER) ,  that  ten  optionword  character 
strings  are  being  input,  and  that  W  (or  WEATHER)  is  keyword  number  21. 

Each  of  the  next  ten  lines  establishes  a  character  string  as 
a  possible  option  word  choice.  For  example,  1,  3,  1400  establishes 
1400  as  a  character  string  corresponding  to  the  first  choice  for 
option  word  2  of  any  input  line  beginning  with  keyword  W  (or  WEATHER). 

The  first  digit  (1)  indicates  that  1400  is  the  first  choice  allowed, 
the  second  digit  3  indicates  that  1400  is  a  choice  allowed  for  the 
third  item  on  the  input  line  (recall  that  an  input  line  is  of  the  form: 
Keyword,  option  word  1,  option  word  2,  -  -  -,  option  word  n  so  that 
option  word  2  is  actually  the  third  item  on  an  input  line),  and,  of 
course,  1400  indicates  that  the  input  character  string  to  select  option  1 
for  option  word  2  is  1400.  The  fact  that  the  next  line  is  1,  3,  14  means 
that  21  has  the  same  effect  (first  choice  for  option  word  2)  as  1400. 

No  more  than  two  lines  are  allowed  to  be  input  with  the  same  ordered  pair 
(choice  number,  option  word  number  +  1)  under  any  given  keyword  (though  one 
may  input  just  one  line  for  such  a  pair  if  desired). 

The  PREPMS  program  then  places  this  option  word  information  on  a 
record  whose  record  name  is  the  keyword  (11  in  the  case  above).  It  is  for 
this  reason  that  the  keyword  used  must  be  ten  or  fewer  characters.  Each 
keyword  of  length  more  than  ten  characters  also  has  an  abbreviated  form 
(see  the  appropriate  section  of  chapter  4  for  each  keyword;  even  some 
keywords  of  length  less  than  ten  characters  have  abbreviated  forms).  For 
example,  the  keyword  ACQUISITION  RANGE  DISTRIBUTION  is  suitable  for  input 
to  COPE,  but  cannot  be  used  as  input  to  PREPMS  because  it  is  too  long  to 
be  a  record  name;  instead,  the  abbreviated  form  ACQRNGDIST  must  be  used 
when  setting  option  words  via  PREPMS. 
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The  rule  is  always  to  use  the  abbreviated  form  of  the  keyword 
with  PREPMS  input  (even  if  the  long  form  of  the  keyword  is  itself  ten  or 
fewer  characters)  and  to  use  either  form  with  input  to  COPE.  For  keywords 
with  only  one  form,  use  it  as  input  to  both  programs. 

Finally,  for  each  new  option  word  choice  that  is  allowed,  the 
user  must  consider  what  COPE  will  do  when  it  encounters  the  new  option  word. 

In  the  case  of  option  words  that  control  the  choice  of  records  to  be  read 
from  TAPE  11  into  data  blocks,  the  user  must  also  have  run  PREPMS  to  add 
the  possible  data  block  records  into  TAPE  11.  In  our  example  above,  input 
to  PREPMS  must  have  created  records  named  JUN0600021,  JUN1400021,  JUN2200021, 
DEC0600021,  DEC1400021,  and  DEC2200021  containing  the  weather  data  to  be 
used  with  each  of  the  possible  option  word  combinations.  For  the  case  of 
option  words  that  control  program  actions  rather  than  select  a  data  record 
name,  it  will  usually  be  necessary  to  modify  the  program  code  so  that  it 
will  "know"  what  to  do  when  encountering  a  new  option. 

5.3.9  Keyword  Numbers,  Abbreviated  Forms,  Etc.  The  following 
table  gives  the  current  list  of  allowed  keywords,  each  keyword's  number, 
abbreviated  form,  and  relevant  notes.  (This  overlays  some  of  the  information 
in  chapter  4,  but  it  was  felt  desirable  to  have  all  the  keywords  listed 
in  one  place  for  quick  reference;  chapter  4,  sections  4.4.1  -  4.4.38  are 
still  essential  for  allowed  optionwords  and  detailed  effects  of  keywords). 
When  two  consecutive  keywords  have  the  same  number,  the  second  is  the 
abbreviated  form.  (Recall  that  blanks  may  be  arbitrarily  inserted  in 
(or  removed  from)  keywords.)  Notes  are  explained  at  end  of  listing. 


Keyword  Number 

Keyword 

Notes 

1 

FIRST  CASE 

*1 

Sec.  4.4.1 

2 

NEXT  CASE 

*2 

Sec.  4.4.2 

3 

END  OF  CASE 

*1 

Sec.  4.4.3 

3 

END 

*1 

11 

4 

END  OF  FINAL  CASE 

*1 

Sec.  4.4.4 

4 

END  F 

*1 

M 

5 

PLOT 

*2 

Sec.  4.4.5 

6 

OVERRIDE 

*3 

Sec.  4.5.3 

6 

OVERIDE 

*3 

II 

7 

TEMPORARY 

*3 

Sec.  4.5.4 

7 

TEMP 

*3 

H 
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Keyword  Number 

Keyword 

Notes 

8 

RESET 

*3  Sec.  4.5.5 

9 

CONTROL 

*2  Sec.  4.4.6 

11 

LINE  OF  SIGHT  MODE 

*2  Sec.  4.4.7 

11 

LOS  MODE 

*2  " 

12 

MISSION  CODE 

*2,  *9  Sec.  4. 

12 

MSN  CODE 

*2^  *9  " 

13 

NUMBER  OF  DIFFERENT  TARGET 
POSTURES 

*2  Sec.  4.4.9 

13 

NUMDIFTGTP 

*2  Sec.  4.4.9 

14 

TARGET  TYPE 

*2  Sec.  4.4.10 

16 

DESIGNATOR  TYPE 

*2,  *9  Sec.  4.' 

16 

DESIGTYPE 

*2,  *9 

17 

FO  POSITION 

*4  Sec.  4.4.12 

21 

WEATHER 

*4  Sec.  4.4.13 

21 

W 

*4  " 

22 

ACQUISITION  RANGE  DISTRIBUTION 

*4  Sec.  4.4.14 

22 

ACQRNGDIST 

*4  " 

23 

RESPONSE  TIME 

*2,  *4,  *9  Sec 

23 

RESPTIME 

*2,  *4,  *9  " 

24 

DIRECT  FIRE  SUPPRESSION 

*4  Sec.  4.4.16 

24 

DFIRESUPPR 

*4  " 

25 

RANDOM  OCCURRENCE 

DISTRIBUTION 

*10 

25 

RODIST 

*10 

26 

PE DATA 

*10 

27 

TARGET  POSTURE  DISTRIBUTION 

*10 

.15 
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Keyword  Number 

Keyword 

Notes 

27 

TGTPSTDIST 

*10 

28 

INVARIANT 

*5 

Sec. 

4.4.17 

31 

RUMC 

*6 

Sec. 

4.4.18 

32 

SMOKE 

*7 

Sec. 

4.4.19 

41 

DO  ARTILLERY  PK 

*8 

Sec. 

4.4.20 

41 

DOARPK 

*8 

H 

42 

TARGET  VELOCITY 

*9 

Sec. 

4.4.21 

42 

TGTVEL 

*9 

Sec. 

4.4.21 

43 

MAXIMUM  DESIGNATOR  RANGE 

*8 

Sec. 

4.4.22 

43 

MAXDESRNG 

*8 

n 

44 

BAIL  OUT  RANGE 

*8 

Sec. 

4.4.23 

44 

BAIL  OUTRNG 

*8 

M 

45 

TIME  OF  FLIGHT 

*8 

Sec. 

4.4.24 

45 

TOF 

*8 

tl 

46 

ANGLE  T 

*9 

Sec. 

4.4.25 

47 

DUST 

*8 

Sec. 

4.4.26 

48 

PROBABILITY  OF  SUCCESSFUL 
VOICE  TRANSMISSION 

*8 

Sec. 

4.4.27 

48 

PRBVOCTRAN 

*8 

u 

49 

PROBABILITY  OF  SUCCESSFUL 
DIGITAL  TRANSMISSION 

*8 

Sec. 

4.4.28 

49 

PRBDGTTRAN 

*8 

M 

50 

ROUND  IN  FLIGHT  RELIABILITY 

*8 

Sec. 

4.4.29 

50 

RNDFLTREL 

*8 

II 

51 

TIME  BETWEEN  ROUNDS 

*8 

Sec. 

4.4.30 
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Keyword  Number 

Keyword 

Notes 

51 

TBR 

*8 

Sec.  4.4.30 

52 

NUMBER  OF  REPLICATIONS 

*8 

Sec.  4.4.31 

52 

NUMREP 

*8 

II 

53 

NUMBER  OF  ROUNDS  TO  BE  FIRED 

*8 

Sec.  4.4.32 

53 

NUMRNDS 

*8 

II 

54 

NUMBER  OF  VEHICLES  PER 

TARGET 

*8 

Sec.  4.4.33 

54 

NUMVEHTGT 

*8 

11 

55 

DISTANCE  BETWEEN  VEHICLES 

*8 

Sec.  4.4.34 

55 

DISTBVEH 

*8 

II 

56 

GUN  TARGET  RANGE 

*9 

Sec.  4.4.35 

56 

GTRNG 

*9 

II 

57 

REFLECTIVITY 

*9 

Sec.  4.4.36 

57 

REFLECT 

*9 

II 

58 

DEFLECTION  BIAS 

*9 

Sec.  4.4.37 

58 

DEFLB 

*9 

II 

59 

TARGET  HEADING 

*9 

Sec.  4.4.38 

59 

TGTHDG 

*9 

II 

60 

SEEKER  SENSITIVITY 

*9 

Sec.  4.4.39 

60 

SEEKSENS 

*9 

II 

61 

PROBABILITY  OF  A  CORRECT  MESSAGE 

*8 

Sec.  4.4.40 

61 

PROBCORMSG 

*8 

II 

62 

PROBABILITY  DO  WARNED  TO  EASE 

*8 

Sec.  4.4.41 

62 

PROBDOWARN 

*8 

II 
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Explanation  of  notes: 

*1  These  keywords  do  not  take  option  words. 

*2  These  keywords  set  certain  flags  or  indices  that  cause  the 

program  to  function  in  one  of  several  alternate  ways  or  else  serve  as 
indices  for  array  "look-ups."  Any  increase  in  the  number  of  options 
corresponding  to  one  of  these  keywords  might  require  code  changes  to 
COPE  (at  the  least,  redimensioning  of  some  arrays)  to  specify  the  actions 
to  be  taken  for  the  new  options. 

*3  These  keywords  take  other  keywords  (numbers  21  through  28)  as 
their  second  fields  (i.e.,  as  the  first  item  following  the  separator 
after  the  keyword).  The  items  to  be  used  in  the  second  fields  are  built 
into  the  program  in  data  statements  (CHAR  array)  and  any  changes  would 
require  code  modifications  to  COPE.  (See  sections  4.5.1  through  4.5.5) 

*4  These  keywords  set  the  names  of  records  on  TAPE  11  to  be  read 
into  the  program  data  blocks.  Any  increase  in  the  number  of  options 
allowed  must  be  accompanied  by  input  to  PREPMS  creating  the  records  with 
the  names  that  would  be  called  for  if  the  new  options  were  exercised. 

(See  chapter  14.) 

Also,  keyword  23  takes  some  further  option  words  which  determine 
digital  or  voice  communications  and  day  or  night  visibility.  If  more 
options  are  allowed  for  these  keywords,  then  code  changes  are  required 
for  COPE. 

*5  Currently  takes  no  option  words,  but  if  option  words  were  added, 
it  would  fall  in  the  same  class  as  keywords  with  note  *4. 

*6  The  addition  of  any  new  options  for  RUMC  would  require  code 
changes  to  COPE. 

*7  The  addition  of  any  new  options  for  SMOKE  would  require  code 
changes  to  COPE. 

*8  These  keyvrards  all  take  numerical  values  for  option  word  1. 

Any  numerical  value  that  could  be  read  in  F10.4  format  is  allowable 
though  for  some  option  words  negative  values  or  values  greater  than  1.0 
may  cause  program  malfunction  (as  in  the  case  when  the  value  represents 
a  probability).  Any  attempt  to  modify  one  of  these  keywords  to  accept 
options  other  than  numbers  would  require  program  code  changes  in  COPE. 

*9  These  keywords  affect  the  choice  of  the  PEDATA  record  name  to 
be  used  (see  section  5.4).  Any  increase  in  the  number  of  allowed  choices 
here  would  require  changing  values  in  the  XVALUE  array  (in  both  COPE  and 
PAM)  and  then  running  PAM  to  create  any  new  PEDATA  records  that  may  be 
called  for  as  a  result  of  these  changes. 
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In  short,  one  can  see  from  the  above  notes  that  while  it  is 
easy  to  add  new  optionword  choices  for  a  particular  keyword  (by  running 
the  PREPMS  program  when  necessary),  it  often  requires  code  changes  to 
COPE  to  make  the  new  choices  have  the  desired  effect.  About  the  only 
keywords  for  which  options  can  be  conveniently  changed  are  those  of 
notes  4,  5,  and,  to  a  lesser  extent,  9. 

5.4  PEDATA  Record  Names. 

The  record  name  for  the  PEDATA  (probability  of  engagement  data) 
to  be  used  with  a  given  case  is  a  function  of  ten  keywords  and  their 
aLociated  optionwords  (except,  of  course,  when  using  the  OVERRIDE  or 
TEMPORARY  keywords  with  PEDATA). 

When  the  PAM  program  is  run,  nine  parameters  are  input.  The 
values  of  these  parameters  determine  the  record  name  of  the  PEDATA  created 
by  that  run.  When  COPE  is  run,  the  same  nine  parameters  are  assigned 
values  (as  the  result  of  keyv;ord  inputs  or  defaults),  the  same  function 
for  determining  record  name  is  applied,  and  the  record  with  the  resulting 
name  is  read  from  TAPE  11  and  filled  into  the  PEDATA  data  block. 

Because  there  are  only  a  finite  number  of  ten  character  record 
names  and  because  the  record  name  depends  on  the  values  of  nine  different 
parameters,  it  is  necessary  to  limit  the  choices  allowed  for  each  parameter. 
This  section  is  devoted  mainly  to  a  description  of  the  function  that 
determines  record  name  when  given  the  nine  parameter  values  and  to  the 
changes  required  to  introduce  a  new  allowed  parameter  value. 

The  nine  parameters  are: 

(1)  nominal  response  time  in  seconds  (determined  by  keywords 
23  and  12), 

(2)  designator  type  (determined  by  keyword  16), 

(3)  target  velocity  (determined  by  keyword  42), 

(4)  gun-to-target  range  (determined  by  keyword  56), 

(5)  target  reflectivity  (determined  by  keyvrord  57), 

(6)  angle  T  (i.e.,  angle  between  gun-target  line  and  desig¬ 
nator  target  line;  determined  by  keyword  46), 

(7)  deflection  bias  (determined  by  keyword  58), 

(8)  target  heading  (determined  by  keyword  59), 

(9)  seeker  sensitivity  (determined  by  keyword  60). 
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The  values  currently  allowed  are  (by  parameter  number): 

(1)  any  time  t  in  seconds  such  that  0.5  second  <  t  <999.5 

seconds  ~ 

(2)  GLLD,  MULE,  LTD  (which  COPE  and  PAM  call  types  1,  2, 
and  3  respectively) 

(3)  2,  3,  5,  8,  and  9  meters  per  second, 

(4)  8  and  12  kilometers, 

(5)  .05,  .10,  .20,  and  .30, 

(6)  0,  25,  30,  60,  90,  and  120  degrees, 

(7)  -200,  -100,  0,  100,  and  200  meters, 

(8)  -60,  -30,  0,  30,  and  60  degrees, 

(9)  24,  36,  48,  60,  and  72  joules  per  square  meter. 

The  record  name  function  works  as  follows: 

-First,  it  rounds  the  nominal  response  time  (parameter  one  to  the  nearest 
integer  (call  the  result  t',  then  1  ^  t'  _<  999). 

-Next,  for  each  parameter  2  through  9,  the  function  matches  the  parameter 
value  to  one  of  the  allowed  values.  Say  for  the  jth  parameter,  the 
value  is  found  to  match  the  I jth  allowed  value  (if  no  match  is  found, 
an  error  stop  results). 

-Next,  the  record  name  is  made  by  converting  t'  to  octal  (call  it  t" 
where  l3<t"  j<17478),  by  letting  =  a  function  of  K-  (usually  1^-1), 
and  then  defining  4 

record  name  =  20053333XXXXN2N3N4N5N6N7N8N9  in  octal 

where:  20053333  is  octal  for  the  alphanumeric  "PEOO",  xxxx  are  the  four 
octal  digits  of  t"  (possibly  with  leading  zero(s)  if  t"  is  small  enough), 

^2> _ »  Ng  are  as  defined  above  (note  that  when  l<I-j<8,  we  have  0<Ni<7 

so  that  each  N-j  is  but  a  single  octal  digit.  It  is  for  this  reason 
that  we  shall  never  allow  more  than  eight  different  choices  for  the 
value  of  any  of  the  parameters  2  through  9). 

The  values  allowed  for  each  parameter  2  through  9  are  to  be 
found  in  the  XVALUE  array  which  is  defined  by  data  statements  in  both 
COPE  and  PAM  (also,  in  PREPMS).  In  COPE,  the  data  statement  is  in 
BDATl,  in  PAM  it  is  in  subroutine  PENAME,  and  in  PREPMS  it  is  in  BDATA2. 
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The  XVALUE  array  is  set  up  so  that  XVALUE  (I,J,K)  is  the  Ith 
allowed  value  for  the  Jth  parameter  when  K=1  and  XVALUE  (I, J,K)  is  the 
N]  value  (as  defined  above  a  function  of  Ij  with  0<Nj<7)  corresponding 
to  the  Ith  allowed  value  of  the  Jth  parameter  when  K-2. 


Notes:  (1)  Because  the  first  parameter  (nominal  response 
time)  is  aTTo^d  a  wider  range  of  values,  the  LVALUE  entries  with  J=1 
are  not  used.  (2)  Because  XVALUE  is  dimensioned  XVALUE  (8,9,2)  and 
because  not  all  parameters  2  through  9  actually  use 
eight  different  allowable  values,  those  array  spaces  XVALUE  (l,J,i; 
and  XVALUE  (I,J,2)  for  I  greater  than  the  number  of  allowable  values 
for  parameter  J  are  filled  with  O's  and  8's  respectively.  Hence,  if 
an  NJ  value  of  8  were  to  occur,  the  program  has  made  an  invalid 
parameter  value  match  and  a  stop  with  error  message  will  occur. 

(3)  The  programs  do  not  distinguish  between  target  velocities  of  2  and  2 
m/s  or  between  8  and  9  m/s  or  between  designator  types  MULE  and  LTD 
when  it  comes  to  PE  data.  (There  are  still  distinctions  made  in  other 
parts  of  COPE  such  as  calculating  current  designator  target  ranges  or 
looking  up  LDWSS  probability  of  hit  numbers  as  function  of  designator 
type).  This  failure  to  distinguish  can  be  observed  in  the  XVALUE _ 
array:  the  XVALUE  (I,J,2)  values  are  identical  for  target  velocities 
of  2  and  3  m/s,  for  example. 


To  allow  more  choices  for  one  of  the  parameters  2  through  9, 
one  need  merely  modify  the  data  statements  defining  the  XVALUE  array 
so  that  XVALUE  (I,  J,  1)  with  appropriate  I  and  J  has  the  new  value 
and  XVALUE  (I,J,2)  has  the  corresponding  NJ  (octal  digit).  This  must 
be  done  in  both  COPE  and  PAM  (and  should  be  done  in  PREPMS  to  keep 
it  current  also).  Then  one  must  run  PAM  with  the  parameter  combinations 
using  the  new  allowed  value(s)  to  create  the  PEDATA  corresponding  to  the 
case(s)  one  intends  to  run  in  COPE  with  the  new  parameter  values. 

To  allow  a  new  choice  for  parameter  1,  one  needs  merely  run 
PAM  with  the  new  value  for  parameter  1  to  create  the  PEDATA  for  the 
case(s)  using  the  new  nominal  response  time  and  the  desired  allowed 
values  for  the  other  parameters.  Of  course,  nominal  response  times 
outside  .5  seconds  to  999.5  seconds  are  not  allowed. 


Note:  The  PREPMS  program  uses  the  XVALUE  array  only  to  decipher 
PE  record“names.  That  is,  one  can  direct  that  program  to  list  the  PEDATA 
records  currently  on  TAPE  11  and  then  decipher  the  PE  record  names  and 
print  the  values  of  the  9  parameters  to  which  each  such  record  corresponds. 
It  is  for  this  reason  that  the  XVALUE  array  data  statement  in  PREPMS 
should  be  updated  along  with  those  in  COPE  and  PAM  whenever  a  new  value 
is  introduced  for  any  of  the  parameters  2  through  9. 


5.5  Control  Cards  for  COPE  and  Its  Preprocessors. 

The  appendixes  A,  B,  C,  and  D  at  the  end  of  this  report  include 
respectively,  the  control  cards  used  to  run  PAM,  PRBLOS,  PREPMS,  and 
COPE.  They  are  explained  in  these  appendixes  and  hence  require  no  further 
explanation  here.  These  control  card  sets,  of  course,  apply  only  to 
BRL's  computer  system  and  would  require  minor  changes  for  other  CDL 
installations  and  major  changes  for  non-CDC  computers. 
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Next  page  is  blank. 


CHAPTER  6 


6.  OUTPUT 

This  chapter  describes  the  normal  COPE  output  prints.  Special 
messages  and  diagnostic  or  error  prints  that  may  occur  are  described  in 
Chapter  7. 

The  normal  COPE  output  consists  of  four  types  of  pages,  three  of 
which  will  always  be  present  and  one  of  which  will  be  present  only  if  one 
or  more  "$$$"  comments  is  included  in  the  input. 

The  page  types  will  ordinarily  occur  in  this  order: 


Title  Page 

"$$$"  comment  page  (if  present) 

First  case  heading  page 
First  case  results  page 
Second  case  heading  page 
Second  case  results  page 

nth  case  heading  page 
nth  case  results  page 

final  case  heading  page 
final  case  results  page 

An  additional  "$$$"  comment  page  will  occur  following  the  results 
page  of  the  last  case  whose  END  card  precedes  any  "$$$'  comment  card  (or 
cards) . 


Each  page  type  is  now  described  in  detail. 

6.1  Title  Page. 

This  page  includes  the  program  name,  the  names  of  the  program 
author  and  the  various  contributors  to  the  model  design  and  data  collection. 
In  addition,  it  identifies  the  activity,  division,  branch,  and  section 
responsible  for  the  model. 

Of  greater  practical  value,  this  page  also  includes  the  version 
number  of  the  program  and  the  date  that  version  was  created.  Finally,  the 
page  gives  the  date  and  time  of  the  current  run  of  the  program. 

For  an  example,  see  Listing  6-1. 

6.2  "$$$"  Comment  Page. 

This  page  merely  lists  the  user's  "$$$'  comments  (see  section 
4.6.4)  with  the  symbol  "**  USER  **"  to  the  left  of  each  comment  line.  In 
addition,  any  program  generated  comments  (see  section  7.1)  are  listed 
with  "**C0PE**"  to  the  left  of  each  comment  line. 
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LISTING  6-1  TITLE  PAGE 


For  an  example,  see  Listing  6-2. 

6.3  Case  Heading  Page. 

The  first  page  for  each  case  is  the  heading  page.  The  heading 
page  gives  a  description  of  the  conditions  in  effect  for  the  case  whose 
results  follow.  In  addition,  the  heading  page  contains  a  section  for  any 
"$$"  comments  (either  user  or  program  generated).  The  case  heading  page 
(Listing  6-3)  begins  with  a  line  indicating  the  case  number.  The  next  line 
below  that  gives  the  number  of  replications  (i.e. ,  number  of  potential 
Copperhead  missions  generated  and  tested  by  the  current  case  of  the  Monte 
Carlo  COPE  model ). 

The  next  area  of  the  case  heading  page  is  broken  up  into  nine 
boxes  each  of  which  is  surrounded  by  asterisks  and  contains  descriptors  of 
one  aspect  of  the  current  case.  These  boxes  are  now  described  one  at  a 
time. 


Note:  When  an  OVERRIDE  or  TEMPORARY  option  is  in  effect,  the 
case  heading  information  may  be  unreliable  for  those  items  connected  with 
the  data  block  for  which  the  OVERRIDE  or  TEMPORARY  is  in  effect. 

In  the  special  case  of  a  PE  data  block  input  via  the  OVERRIDE 
option,  the  values  given  in  the  comment  of  section  7.2.6  take  precedent 
over  those  in  the  case  heading  when  it  comes  to  determining  PE  data  but  not 
for  other  purposes  (for  example,  velocity  used  for  calculating  designator- 
to-target  range  is  the  velocity  printed  in  the  TARGET  box  rather  than  that 
in  the  comment). 

If  in  doubt,  the  user  should  look  at  the  contents  (Data  Check)  of 
TAPE  8  for  the  case  in  question  (see  section  7.6)  to  determine  which  values 
were  actually  used  for  various  parameters. 

6.3.1  TARGET.  The  first  box  is  labeled  "TARGET"  and  contains 
data  describing  the  target.  These  data  are: 

(a)  Target  type 

(b)  number  of  vehicles  in  the  target  unit, 

(c)  mean  distance  between  target  vehicles, 

(d)  target  velocity  (speed) 

(e)  target  heading  (where  a  heading  of  zero  means  the  target 
is  moving  along  the  gun-to-target  line  toward  the  gun. 

Angles  are  measured  counterclockwise  from  this  zero  heading). 

(f)  target  reflectivity. 

6.3.2  FIRING  INFO.  Moving  vertically  down  the  page,  one  next 
finds  the  FIRING  INFO  box  which  gives  various  information  about  the  firing 
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+♦  USER  *♦  THIS  COMMENT  WILL  APPEAR  ON  THE  $$$  COMMENT  PAGE 
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LISTING  6-2  "$$$"  COMMENT  PAGE 
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LISTING  6-3  CASE  HEADING  PAGE 


of  the  COPPERHEAD  round.  These  items  are: 

(a)  number  of  rounds  fired  per  engagement, 

(b)  round  in-flight  reliability 

(c)  time  between  successive  rounds 

(d)  time  of  flight  of  round 

(e)  nominal  gun-to-target  range 

(f)  angle  T  (angle  between  target-to-gun  line  and  target- 
to-designator  line) 

(g)  deflection  bias  (which  is  the  minimum  distance  between  the 
COPPERHEAD  footprint  centroid  and  the  target's  path). 

6.3.3  MISC.  The  next  box  below  the  FIRING  INFO  is  labeled  MISC 
and  contains  miscellaneous  data  relevant  to  the  case.  These  data  are: 

(a)  either  a  note  that  DELTA  T3  is  zero  (in  which  case 

RUMC  (see  section  4.4.18)  is  optimally  chosen  for  each  fire 
mission  or  a  note  that  DELTA  T3  is  not  assumed  to  be  zero  in 
which  case  RUMC  is  a  fixed  value  for  each  fire  mission. 

(b)  The  value  of  RUMC  (if  DELTA  T3  is  not  assumed  zero; 
otherwise,  this  line  is  not  printed.) 

(c)  The  seeker  sensitivity  value  used  for  the  COPPERHEAD 
seeker  in  this  case. 


6.3.4  DETECT,  COMMO,  and  PROC  TIMES.  The  next  box  which  is 
located  at  the  top  of  the  second  column  of  boxes  contains  data  pertaining 
to  detection,  communication,  and  processing  times.  These  data  are: 

(a)  The  mission  type 

(b)  The  type  of  communication  (i.e. ,  digital  or  voice) 

(c)  day  or  night  indicator 

(d)  nominal  response  time  (which  is  the  sum  of  the  median 
communication  and  processing  times  and  the  time  of  flight) 

(e)  probability  of  successful  digital  communication  link 

being  established  when  needed  (not  printed  when  item  (b)  above 
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(f) 


nrobability  of  successful  voice  communication  link 

being  established  when  needed  (printed  only  when  applicable 

-  see  section  2.2.9) 


(g)  probability  of  a  correct  message, 

(h)  probability  that  the  D.O.  is  warned  to  lase. 

If  the  parameterized  response  time  option  is  used,  then  the 
parameterized  response  time  (which  does  not  include  time  of  flight) 
is  listed  in  this  box  first. 

6.3.5  DESIGNATOR.  The  next  box  gives  i nformation_about  the 
designator  (both  the  soldier  and  the  piece  of  equipment).  This  information 
consists  of: 


(a)  designator  type, 

(b)  maximum  designator  range, 

(c)  bail-out  range 

(d)  designator  location. 

6.3.6  DESIGNATOR  SUPPRESSED.  The  next  box  gives  information 
about  suppression  of  the  designator.  This  information  is: 

(a)  The  probability  that  the  FO  (D.O.)  is  killed  by  Red 
preparatory  artillery  fires. 

(b)  A  label  giving  the  level  of  direct  fire  suppression 
achieved  by  the  target  against  the  D.O. 

6.3.7  WEATHER.  The  first  box  of  the  third  column  gives  weather 
data.  These  data  are: 

(a)  The  month  v;hose  weather  is  being  used  in  the  current 
case, 

(b)  The  time  of  day  (on  a  0  to  2400  clock)  whose  weather  is 
being  used  in  the  current  case. 

6.3.8  TERRAIN  AND  LOS.  The  next  box  moving  down  has  terrain 
and  line-of-sight  information.  This  information  includes: 

(a)  The  terrain  type  used  for  the  acquisition  range  distri¬ 
bution  and  line-of-sight  segment  length  distribution. 

(b)  The  line-of-sight  model  used  in  the  current  case 
("SHOOTING  GALLERY"  or  "RANDOM.  OCCURRENCE"). 
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6.3.9  OBSCURANTS.  The  final  box  gives  data  on  obscurants 
(smoke  and  dust).  These  data  are: 

(a)  Probability  that  smoke  is  sufficiently  dense  to  kill  a 
potential  COPPERHEAD  mission. 

(b)  Number  of  smoke  rounds  fired  of  types  one  and  two 
respectively  to  obtain  the  level  of  smoke  in  (a)  above. 

(This  is  printed  only  if  smoke  effects  are  played  as  a  func¬ 
tion  of  number  of  smoke  rounds  fired  (see  section  4.4.19). 

(c)  Probability  that  dust  from  RED  HE  artillery  fire  is 
sufficient  to  abort  a  potential  COPPERHEAD  mission. 

6.3.10  "$$"  Comment  Section. 

The  final  section  of  the  heading  page  for  each  case  consists  of 
a  comment  section.  This  comment  section  includes  both  any  user  comments 
for  this  case  as  well  as  any  program  generated  comments. 

If  a  case  has  no  comments  of  either  type,  then  the  comment  section 
is  omitted. 

6.4  Case  Results  Page. 

Following  the  heading  page  for  a  given  case  is  the  case  results 
page.  This  page  is  labeled  in  such  a  fashion  as  to  be  almost  self-explan¬ 
atory  (see  Listing  6-4). 

The  page  has  one  line  corresponding  to  each  mission  abort  condition 
and  two  lines  for  each  round  abort  condition.  A  mission  abort  occurs 
whenever  one  of  the  tests  that  affect  the  entire  potential  COPPERHEAD 
mission  is  failed  (see  sections  2.2.2  through  2.2.11);  a  round  abort 
occurs  whenever  one  of  the  tests  that  affect  the  functioning  of  a  single 
round  is  failed  (see  sections  2.2.12-2.2.20). 

Beginning  at  the  top  of  the  results  page,  one  finds  the  number 
of  occasions,  which  is  the  number  of  potential  COPPERHEAD  missions  sampled 
for  the  current  case.  This  number  should  equal  the  number  of  replications 
on  the  heading  page  for  the  same  case. 

The  first  seven  abort  causes  (or  tests)  are  those  which  would 
prevent  the  D.O.  from  even  attempting  to  employ  COPPERHEAD  against  a 
target. 

Each  of  these  causes  of  abort  has  one  line  giving  the  following 
information: 

(a)  The  number  of  the  abort  cause  (or  test), 

(b)  a  label  describing  the  cause  of  abort. 
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(c)  the  number  of  times  the  test  was  failed, 

(d)  the  percentage  of  the  total  occasions  that  failed  the 
test 

(e)  The  number  of  potential  COPPERHEAD  fire  missions  on 
v/hich  the  test  was  performed,  (this  number  is  equal  to  the 
total  number  of  potential  COPPERHEAD  fire  missions  minus 
the  number  of  potential  missions  that  failed  prior  tests). 

(f)  The  percentage  of  those  potential  COPPERHEAD  fire  missions 
on  which  the  test  was  performed  that  passed  the  test. 

Following  the  seventh  abort  cause  is  a  line  giving  the  number 
of  attempted  engagements.  This  is  the  number  of  replications  (out  of 
the  total  original  number  of  potential  COPPERHEAD  missions)  that  passed 
the  first  seven  tests  and  have,  therefore,  reached  the  point  v;here  the 
D.O.  attempts  to  call  for  COPPERHEAD  fire. 

The  next  four  cause-of-abort  lines  (abort  causes  numbers  8 
through  11)  consist  of  those  tests  that  must  be  passed  before  the  battery 
will  fire  a  COPPERHEAD  mission.  Each  of  these  abort  causes  has  one  line 
giving  information  as  described  in  (a)  through  (f)  above  in  this  section. 

Following  the  eleventh  cause-of-abort  line  is  a  line  giving 
number  of  shots.  This  is  the  number  of  replications  for  which  the  mission 
reached  the  point  where  the  battery  actually  fired  COPPERHEAD  (i.e.,  the 
mission  passed  tests  1  through  11).  The  number  of  shots  is  the  number 
of  missions  fired,  not  the  number  of  individual  rounds  fired. 

The  final  eight  abort  causes  (numbers  12  through  19)  are  round 
aborts  which  have  two  lines  each  in  the  printout. 

The  first  line  of  each  round  abort  cause  gives: 

(a)  The  number  of  the  abort  cause  (test), 

(b)  a  label  describing  the  cause  of  abort, 

(c)  the  number  of  times  the  test  was  failed  for  the  first 
round , 

(d)  the  percentage  of  the  total  occasions  for  which  the 
first  round  failed  the  tost. 

The  line  continues  with  items  (c)  and  (d)  repeated  but  for 
the  second  and  subsequent  rounds  up  to  a  total  of  NRF  rounds  (MRF<6). 
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The  second  line  of  each  round  abort  gives 

(e)  the  number  of  COPPERHEAD  mission  first  rounds  on  which 
the  test  was  performed, 

(f)  the  percentage  of  those  COPPERHEAD  fire  mission  first 
rounds  on  which  the  test  was  performed  that  passed  the  test. 

The  second  line  continues  with  items  (e)  and  (f)  repeated 
but  for  the  second  and  subsequent  rounds  of  the  COPPERHEAD  fire  mission. 

Following  the  final  {19th)  abort  cause  line  is  a  line  giving 
kills.  This  line  gives  the  number  of  replications  for  which  the  first 
round  of  the  COPPERHEAD  mission  achieved  a  kill,  the  number  of  replications 
for  which  the  second  round  of  the  COPPERHEAD  mission  achieved  a  kill, 
and  so  on  through  the  final  round  of  the  COPPERHEAD  mission. 

Next,  the  printout  gives  a  number  of  probabilities  derived 
from  the  case  just  simulated:  (these  probabilities  are  printed  as 
percentages). 

The  probability  of  kill  given  an  occasion  for  the  nth  round 
of  the  fire  mission  is  printed  and  is  calculated  by  dividing  the  number 
of  kills  for  the  nth  round  by  the  number  of  occasions. 

The  probability  of  kill  given  an  attempted  engagement  for 
the  nth  round  equals  the  number  of  kills  for  the  nth  round  divided  by 
the  number  of  attempted  engagements. 

The  probability  of  kill  given  a  shot  for  the  nth  round 
equals  the  number  of  kills  for  the  nth  round  divided  by  the  number  of 
shots. 


The  probability  of  1  i ne-of-sight  (LOS)  for  the  nth  round  is 
the  probability  of  having  LOS  when  the  round  arrives  (test  12)  given 
that  LOS  existed  immediately  prior  to  firing  (test  11).  (Note:  The 
preceding  applies  to  the  "shooting  gallery"  LOS  model;  for  random  occurrence, 
the  probability  of  having  1 i ne-of-sight  for  the  nth  round  is  just  equal 
to  the  success  rate  of  test  12). 

The  probability  of  shot  given  an  occasion  is  the  fraction  of 
potential  COPPERHEAD  fire  missions  that  actually  reach  the  point  where 
rounds  are  fired. 

The  probability  of  shot  given  an  attempted  engagement  is  the 
number  of  shots  divided  by  the  number  of  attempted  engagements. 

The  probability  of  attempted  engagements  given  an  occasion 
is  the  number  of  attempted  engagements  divided  by  the  number  of 
occasions. 
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The  final  line  of  the  results  page  gives  information  on  designator 
survivability.  This  line  gives  the  number  of  replications  in  which  the 
designator  was  killed  by  direct  fire  from  the  target  and  the  percentage 
of  the  total  replications  that  number  represents.  The  line  also  gives 
the  number  of  replications  for  which  the  test  of  designator  kill  was 
performed  and  the  percentage  of  those  replications  in  which  the  designator 
was  not  killed. 


Note:  The  number  of  kills  shown  on  the  results  page  differs 
slightly  in  its  meaning  depending  on  whether  "shooting  gallery"  or  "random 
occurrence"  li ne-of-sight  model  is  used.  When  "shooting  gallery"  is 
used,  no  attempt  is  made  to  account  for  multiple  kills  of  the  same  target 
vehicle  (i.e.,  the  number  of  kills  on  the  nth  round  is  calculated  under 
the  assumption  that  the  vehicle  the  round  hit  had  not  already  been  killed 
by  a  previous  round). 

When  "random  occurrence"  is  used,  the  number  of  kills  on  the 
nth  round  takes  into  account  the  number  of  vehicles  surviving  to  the 
nth  round. 


This  difference,  of  course,  has  no  effect  in  comparing  first 
round  kills  computed  using  the  two  differing  LOS  models.  Furthermore, 
for  round  n  there  will  be  no  effect  from  this  difference  in  bookkeeping 
if  (1)  n  _<  number  of  vehicles  in  the  target,  (2)  distance  between  target 
vehicles/target  velocity  <  time  between  rounds,  and  (3)  the  D.O.  is  assumed 
always  to  designate  the  front  most  target  vehicle  in  viev/.  In  other 
cases,  the  results  obtained  by  the  two  methods  will  have  some  differences 
attributable  to  the  difference  in  bookkeeping  between  the  two  methods. 
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CHAPTER  7 


7.  PROGRAM  GENERATED  MESSAGES  AND  DEBUGGING  PRINTS 

The  COPE  program  has  been  designed  so  that  most  of  the  common 
errors  will  cause  the  program  to  come  to  a  stop  and  print  an  error  message. 
Of  course,  it  is  not  possible  to  anticipate  every  possible  error  and  the 
user  can  expect  occasionally  to  encounter  a  run  that  terminates  with  a 
dump  or  a  system  generated  error  message.  However,  the  current  version 
of  COPE  has  been  used  for  hundreds  of  runs  now  and  has  not  terminated  in 
anything  other  than  the  normal  program  termination  or  one  of  the  anticipated 
error  stops. 

The  messages  generated  by  COPE  can  be  divided  into  five  classes: 

(1)  program  generated  $$$  comments, 

(2)  program  generated  $$  comments, 

(3)  special  program  print-outs  of  a  warning  nature  that  do 
not  result  in  program  termination 

(4)  special  program  prints  that  occur  with  abnormal  program  termin¬ 
ations  and  which  give  information  useful  in  locating  the  cause 
of  termination. 

(5)  STOP  messages  that  are  printed  in  the  day  file.  (These  STOPS 
include  the  subroutine  or  function  name  in  which  the  stop 
occurs.) 

The  messages  are  now  explained.  They  are  ordered  alphabetically 
(by  first  line)  within  each  class.  (Note  that  some  messages  include 
more  than  one  li ne). 

7.1  Program  Generated  $$$  Comments. 

YOU  HAVE  SEQUENCE  NUMBERS  IN  COLUMNS  73-78  OF  TAPE  5.  THEY 
WILL  BE  REMOVED  BY  THE  PROGRAM; 

HOWEVER,  IF  THE  TEMPORARY  OPTION  WAS  USED  TO  READ  IN  ANY 
DATA,  THE  RESULTS  MAY  BE  SUSPECT^ 

This  message  is  generated  in  subroutine  SEPREC  and  is  part 
of  a  modification  added  to  handle  a  Control  Data  peculiar  problem. 

Users  of  COPE  frequently  create  TAPE  5  (the  file  of  case  descriptors) 
using  the  CDC  editor  in  its  default  FORTRAN  format  and  then  save  the 
resulting  file  by  the  command  SAVE,  LFN  (where  LFN  is  the  local  file 
name).  The  problem  is  that  the  editor  then  inserts  sequence  numbers 
in  columns  73-78  of  the  saved  file.  Now  one  could  easily  avoid  this 
problem  by  using  SAVE,  LFN,  N  rather  than  SAVE,  LFN  (the  additional  N 
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causing  no  sequence  numbers  to  be  saved).  However,  to  avoid  aborting 
runs  in  which  sequence  numbers  are  present,  COPE  was  modified  to  check 
the  first  non-comment  card  (or  card  image)  of  file  TAPE  5  for  sequence 
numbers:  if  columns  73-78  are  filled  with  numbers  and  columns  63-72 
and  79-80  areblank,  then  the  computer  concludes  that  sequence  numbers 
are  present,  issues  the  above  comment,  and  ignores  columns  73-78  on 
all  cards  of  the  current  run. 

As  mentioned  in  the  message  itself,  this  ignoring  of  columns 
73-78  could  adversely  affect  the  results  if  the  TEMPORARY  option  is 
used,  since  that  option  quite  likely  has  important  information  in  columns 
73-78.  In  this  event,  the  file  TAPE  5  should  be  created  in  the  editor 
with  80  character  lines  (i.e.,  use  CDC  command  F,CH=80  before  creating 
the  file).  Then  when  it  is  saved,  the  sequence  numbers  will  be  in  columns 
not  read  by  the  program. 

For  keywords  other  than  TEMPORARY,  there  is  not  likely  to  be 
any  adverse  effect  since  the  case  descriptor  character  strings  on  the 
cards  will  usually  terminate  before  column  63  and  hence  the  deletion 
of  columns  73-78  will  have  no  effect. 

Finally,  if  the  computer  should  erroneously  conclude  that 
sequence  numbers  are  not  present  when  they  really  are  (as  could  happen 
if  any  of  columns  63-72  or  79-80  of  the  first  non-comment  card  were 
not  blank),  then  the  computer  would  treat  the  sequence  numbers  as  part 
of  the  keyword  or  optionword  and  a  different  error  would  bring  the 
program  to  a  halt  when  that  keyword  or  optionword  was  not  found  (see 
section  7.4.5). 

One  may  wish  to  remove  this  feature  if  using  a  non-CDC 

computer. 


7.2  Program  Generated  $$  Comments. 

7.2.1  CHOICE  OF  option  word  FOR  RESPONSE  TIME  DATA  IS 

INCONSISTENT  WITH  TIME  OF  option  word  FOR  WEATHER  DATA. 

The  first  option  word  is  DAY  or  NIGHT  while  the  second  one  is 
0600,  1400,  or  2200. 

This  message  merely  warns  the  user  that  one  of  the  following 
pairs  of  a  RESPONSE  TIME  data  option  word  and  a  WEATHER  data  option  word 
is  being  used: 


RESPONSE  TIME  option  word 

WEATHER  option  word 

DAY 

2200 

NIGHT 

0600 

NIGHT 

1400 
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These  are  all  considered  inconsistent  pairs  since  daylight 
is  usually  gone  by  2200.  On  the  other  hand,  day  light  is  usually 
present  at  0600  and  1400. 

The  choice  of  one  of  these  inconsistent  pairs  will  not  abort 
the  program,  but  merely  result  in  the  generating  of  this  message  and 
the  executing  of  the  case  with  the  inconsistent  data  selected. 

7.2.2  IN  CCPLOT  FOR  CASE  nn  WITH  ICCPFG=  1.  NO  PLOT  PRODUCED, 
nn  is  the  case  number. 

This  message  merely  means  that  the  user  wanted  a  Cal  Comp  plot 
for  case  number  nn,  but  since  the  plot  routine  is  not  yet  implemented, 
no  plot  was  produced. 

7.2.3  IN  PPLOT  FOR  CASE  nn  WITH  IPPFG  =  1.  NO  PLOT  PRODUCED. 

nn  is  the  case  number. 

This  message  merely  means  that  the  user  wanted  a  printer 
plot  for  case  number  nn,  but  since  the  plot  routine  is  not  yet  implemented, 
no  plot  was  produced. 

7.2.4  NO  ENDF  CARD  FOUND  BUT  ONE  ASSUMED  SINCE  END  OF  INPUT 

FILE  ENCOUNIEREUT  ~ 

This  message  occurs  when  no  ENDF  card  has  been  put  at  the 
end  of  TAPE  5  (INPUT).  It  merely  means  that  the  program  reached  the 
end-of-file  without  encountering  an  ENDF  card  and  then  proceeded  as 
though  it  had  found  one  there. 

7.2.5  NO  'FIRST  CASE'  OR  'NEXT  CASE'  CARD  FOUND  —  NEXT 
CASE.  RD  OPTION  ASSUMED. 

This  message  means  that  inputs  for  a  new  case  (possibly  the 
first  case)  have  been  encountered,  but  were  not  preceded  by  a  'FIRST 
CASE'  or  'NEXT  CASE'  card.  In  this  event,  the  program  proceeds^as  though, 
a  NEXT  CASE,  RD  card  had  been  encountered  prior  to  the  new  case  s  inputs. 

7.2.6  PEDATA  FOR:  TR=xxx.  DT=  n  VEL=  yy.  GTR=  zzz.  REFL=  a.aa 
ANGLET=  bbb.  DEFT=  ccc.  TGTHD=  dd.  SKSEN=  ee. 

XXX.,  n,  yy. ,  zzz.,  a.aa,  bbb.,  ccc.,  dd. ,  and  ee.  are  respectively 
the  response  time,  designator  type  number,  target  velocity,  gun-to-target 
range,  reflectivity  of  target,  angle  T,  deflection  bias,  target  heading,  and 
seeker  sensitivity  used  to  generate  the  PEDATA  used  in  this  run.  This 
message  occurs  only  when  the  OVERRIDE  option  is  used  with  PEDATA. 
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The  units  used  with  each  quantity  are  those  normally  used  on 
the  corresponding  keyword  cards. 

7.2.7  RECORD  NAMED:  Record  Name  USED  TO  OVERRIDE  FOR  Data 
Block  Nam^  ~~  ~ 

Here  record  name  is  the  name  of  the  record  on  the  word 
addressible  mass  storage  file  that  is  selected  by  the  OVERRIDE  option 
and  data  block  name  is  the  name  of  the  data  block  to  be  filled  by  this 
override. 


This  print  occurs  only  with  each  data  block  in  a  given  case 
for  which  the  OVERRIDE  is  in  effect. 

7.2.8  TEMPORARY  OPTION  IN  EFFECT  FOR  Data  Block  Name. 

Here  data  block  name  is  the  name  of  the  data  block  filled  by 
use  of  the  TEMPORARY  OPTION. 

This  print  occurs  only  with  each  data  block  in  a  given  case 
for  which  the  TEMPORARY  option  is  in  effect. 

7.2.9  YOUR  INPUT  LINE:  Input  Line  Characters  SUPERSEDES 
ONE  OF  YOUR  PREVIOUS  INPUT  LINES  FOR  THIS  CASE. 

The  input  line  characters  are  the  contents  of  the  card  that 
supersedes  a  previous  line.  This  message  is  only  a  warning  to  the 
user  that  he  has  included  two  (or  more)  cards  with  the  same  keyword  in 
a  single  case.  When  this  happens,  only  the  last  such  card  has  an 
effect  on  the  choice  of  case  descriptors. 

If  two  PLOT  cards  (section  4.4.5)  are  included  in  a  case  (one 
for  CALCOMP  and  one  for  PRINTER),  then  this  message  will  , be  produced.  In 
such  a  case,  both  plot  types  are  set  according  to  the  input  cards  even 
though  the  message  says  the  last  one  superseded  the  earlier  one;  this  is 
the  one  case  in  v/hich  this  message  can  be  safely  ignored. 

In  most  cases,  one  will  want  to  check  the  input  cards  and 
probably  re-run  the  case  so  that  no  more  than  one  card  is  used  for  each 
keyword.  Note  that  an  OVERRIDE  or  TEMPORARY  card  applied  to  a  certain 
keyword  counts  as  an  input  card  with  that  keyword  for  purposes  of  this 
message  (for  example,  putting  an  OVERRIDE,  W,  JUN1400021  card  and  a  W,  J, 
0600  card  in  the  same  case  will  produce  the  message  of  this  section). 

7.3  Special  Program  Print-Outs  of  a  Warning  Nature  That  Do  Not 

Result  in  Program  Termination. 

7.3.1  IN  OUTPUT.  PROBLEM  1  J=  nnnnn  RNDRED=xxxx.  NKILL  =  mmmmm. 

nnnnn  is  the  number  of  the  round,  xxxx.  is  the  number  of  kills 
on  the  Jth  round  for  this  case  calculated  by  adding  one  each  time  a  kill 
occurs,  and  mmmmm  is  the  number  of  kills  on  the  Jth  round  for  this  case 
calculated  by  subtracting  the  number  of  aborted  missions  and  Jth  rounds 
from  the  number  of  replications. 
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This  print  occurs  only  if  the  Jth  round  kills  (J  runs  from  1  to 
NRF)  computed  by  the  two  methods  differ.  It  indicates  a  serious  problem 
with  the  program. 


7.3.2  SERIOUS  PROBLEM!  KTEST  AND  NTEST  ARRAYS  DO  NOT  AGREE 
11=  nnnnn  JJ  =  mmmmm  KTEST  ARRAY:  (Followed  By  A~ 

20  X  6  Matrix). 

nnnnn  is  the  abort  number  and  mmmmm  is  the  round  number  (or  if 
nnnnn  corresponds  to  a  mission  abort,  mmmmm  is  1). 

II  and  JJ  are  the  indices  of  the  first  entry  in  the  KTEST  and 
NTEST  arrays  that  do  not  agree. 

The  20  X  6  matrix  is  the  KTEST  array  where  the  element  in  row  I 
column  J  is  KTEST  (I,  J).  The  NTEST  array  elements  correspond  to  the 
'number  tested'  values  printed  on  the  case  results  page  where  NTEST  (I, 

J)  corresponds  to  the  Jth  round  Ith  abort  condition  (when  the  abort  is  a 
mission  abort ,  J=1 ) . 

The  KTEST  array  is  filled  by  incrementing  KTEST  (I,J)  each  time 
the  Ith  test  is  made  for  the  Jth  round  (if  the  test  is  for  a  mission 
abort  J=l).  The  NTEST  array  is  filled  by  setting  NTEST  (I,J)  equal  to 
the  number  of  replications  minus  the  number  of  missions  (and  Jth  rounds) 
aborted  by  tests  1  through  I-l. 

If  NTEST  and  KTEST  differ,  then  the  program  is  not  behaving 

correctly. 


7.4  Special  Program  Prints  That  Occur  with  Abnormal  Program 
Termination  and  Which  Give  Information  Useful  in  Locating 
the  Cause  of  Termination. 


7.4.1  ERROR  IN  INPUT.  LINE:  Character  String  WITH  ITl=nnnnn 
IS  IN  ERROR. 

The  character  string  is  the  card  image  read  from  TAPE  5  (INPUT) 
that  is  in  error  and  nnnnn  is  the  keyword  number. 

The  error  occurs  when  a  keyword  match  is  found  for  the  input, 
but  no  code  has  been  provided  to  handle  the  input.  This  is  a  serious 
error  and  means  that  a  program  change  is  required. 

This  message  corresponds  to  STOP  in  section  7.5.15. 

7.4.2  IN  COMMNT.  TOO  MANY  $$  COMMENTS  (>20):  (Followed  By  20 
Numbered  Lines  of  Comments,  Then:)  THE  FOLLOWING  COMMENT 
CAUSED  OVERFLOW  OF  CMENT  ARRAY:  (Followed  by  a  21st 
Comment  Line). 

The  CMENT  array  is  dimensioned  to  allow  up  to  20  $$  comments 
per  case.  This  message  means  that  21  $$  comments  were  generated  for  the 
current  case  and  consequently  the  CMENT  array  overflowed.  The  $$  comment 
count  includes  both  program  generated  and  user  comments. 
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The  corrective  action  is  either  to  reduce  the  number  of  comments 
for  the  case  or  increase  the  second  dimension  of  the  CMENT  array. 

Note:  One  possible  cause  of  too  many  comments  is  the  omission 
of  one  or  more  END  cards. 

This  message  corresponds  to  the  STOP  of  section  7.5.1. 

7.4.3  INPUT  ATTEMPTED  TO  READ  RECORD  NAMED  Record  Name 
BUT  NO  SUCH  RECORD  WAS  FOUND. 

The  record  name  is  the  name  of  the  record  which  the  program 
attempted  to  read  from  the  word  addressible  mass  storage  file  but  which 
could  not  be  found  on  that  file. 

This  message  means  the  desired  record  does  not  exist  on  the 
mass  storage  file.  In  order  to  create  it,  one  of  the  pre-processor 
programs  must  be  run.  If  the  OVERRIDE  feature  was  used,  try  preceding 
the  record  name  with  a  $  (dollar  sign),  as  described  in  section  4.5.3. 

This  message  is  accompanied  by  a  trace  back  print  of  the 
subroutines  called  to  produce  the  message.  This  can  be  used  to  locate 
which  call  to  READMS  actually  caused  the  abnormal  termination. 

This  message  occurs  with  the  STOP  in  section  7.5.21. 

7.4.4  IN  FINDIT.  KEYWORD:  Keyword  AND  CORRESPONDING  VALUE 

OF  IT:  Value  ARE  NOT  ALLOWED  WITH  THE  Option  Word  OPTION. 

Here  keyword  is  the  keyword  character  string,  value  is  the 
keyword  number,  and  option  word  is  an  option  word  character  string. 

This  message  occurs  when  one  attempts  to  use  OVERRIDE,  TEMPORARY, 
or  RESET  features  with  an  option  word  that  is  a  keyv/ord  other  than  the 
name  of  one  of  the  data  blocks. 

This  message  corresponds  to  the  STOP  of  section  7.5.5. 

7.4.5  IN  FINDIT.  NO  MATCH  FOUND  FOR  LINE  IB=  nnn  OF  THIS  B 
ARRAY:  (Followed  By  Up  to  10  Lines  of  Character  Strings). 

Here  nnn  is  the  value  of  IB. 
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IB  is  the  number  of  the  character  string  for  which  no  match  ms 
found.  If  IB=1,  there  ms  no  keyword  match  (this  corresponds  to  the  stop 
of  section  7.5.4).  If  IB=2,  then  one  could  be  in  the  situation  of  the 
STOP  of  section  7.5.4,  section  7.5.6  or  section  7.5.7. 

This  error  usually  means  the  keyword  or  option  word  found  in 
line  IB  was  misspelled  or  does  not  exist. 

7.4.6  IN  NUMRIC.  LINE  nnn  EXCEEDS  ALLOWABLE  FIELD  LENGTH 
FOR  NUMERIC  DATA:  (Followed  By  Up  to  10  Lines  of 
Character  StringsTT 


Here  nnn  is  the  number  of  the  line  in  the  listing  of  character 
strings  which  contains  a  numerical  string  of  more  than  10  characters 
(including  sign  and  if  present). 

The  corrective  action  is  to  change  the  number  to  one  of  less 
than  10  characters  (when  including  and  ".").  With  the  parameters 
used  in  COPE  there  should  never  be  occasion  to  use  a  number  requiring 
more  than  10  characters. 

(Note:  If  the  number  is  written  on  input  without  a  decimal 
point,  then  the  program  adds  a  decimal  point  after  the  last  digit.  Hence, 
if  the  decimal  point  is  omitted  the  number  should  not  exceed  nine  characters). 

This  error  corresponds  to  the  STOP  of  section  7.5.23. 

7.4.7  IN  NUMRIC.  LINE  nnn  HAD  TOO  MANY  DECIMAL  POINTS: 

(Followed  By  Up  To  10  Lines  of  Character  Strings). 

Here  nnn  is  the  number  of  the  line  in  the  listing  of  character 
strings  which  contains  more  than  one 

The  corrective  action  is  to  rewrite  the  input  line  so  that  no 
option  word  has  more  than  one  decimal  point. 

This  error  corresponds  to  the  STOP  of  section  7.5.22. 

7.4.8  IN  SMPLCD  WITH  RANDOM  NUMBER  GREATER  THAN  1.0  RM=xx. xxxxxxx. 


Here  xx.xxxxxx  is  the  random  number  generated  for  use  in  SMPLCD. 

This  error  will  occur  only  if  the  random  number  generator 
malfunctions  and  produces  a  number  1.0.  If  this  error  occurs,  a  trace 
of  subroutine  calls  is  produced  and  the  STOP  of  section  7.5.31  occurs. 

7.5  STOP  Messages  That  are  Printed  in  the  Dayfile. 

7.5.1  STOP  p  COMMNT:  TOO  MANY  $$  COMMENTS.  This  message 
occurs  when  too  many  $5  comments  are  encountered  in  one  case.  See  section 

7.4.2. 
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7.5.2  STOP  IN  COPE:  NORMAL  PROGRAM  TERMINATION.  This  is  the 
desirable  stop  message.  It  means  that  the  program  terminated  after 
processing  all  the  inputs  and  that  no  abnormal  stopping  conditions  were 
encountered.  Of  course,  it  does  not  guarantee  that  the  program  did  what 
the  user  expected,  and  there  may  be  some  warning  diagnostic  messages  (of 
types  1,  2,  or  3  above)  produced. 

7.5.3  STOP  IN  DFCHK:  ERROR  NUMBER  1.  This  stop  occurs  when 
the  desi gnator-to-target  range  cannot  be  bracketed  by  the  range  values  in 
the  DFFOKL  array.  This  indicates  either  an  error  in  the  range  calculation 
or  a  need  for  larger  range  values  in  the  DFFOKL  array. 

7.5.4  STOP  IN  FINDIT:  ERROPx  NUMBER  1.  This  message  means  that 
a  search  of  the  CHAR  array  has  found  no  keyword  to  match  that  of  the 
current  input  card.  (If  the  OVERRIDE ,  TEMPORARY ,  or  RESET  option  is 
used,  then  this  message  will  also  occur  if  the  second  character  string  on 
the  card  cannot  be  matched  from  the  CHAR  array). 

This  stop  corresponds  to  the  print-out  of  section  7.4.5. 

7.5.5  STOP  IN  FINDIT:  ERROR  NUMBER  2.  This  message  occurs 
when  one  attempts  to  use  the  OVERRIDE ,  TEMPORARY ,  or  RESET  option  with 
anything  other  than  one  of  the  eight  data  block  names'll  (See  section  4.5.) 

See  section  7.4.4. 

7.5.6  STOP  IN  FINDIT:  ERROR  NUMBER  3.  This  message  occurs 
when  no  match  for  a  given  option  word  from  an  input  card  can  be  found 
among  the  allov/able  option  words  for  the  input  card's  keyword. 

See  section  7.4.5. 

7.5.7  STOP  IN  FINDIT:  ERROR  NUMBER  4.  This  message  means  the 
same  as  that  in  7.5.6,  but  occurs  at  a  different  point  in  subroutine  FINDIT. 

7.5.8  STOP  IN  FPRCNT:  ERROR  NUMBER  1.  This  message  means  that 
function  FPRCNT  was  called  to  format  into  a  percentage  a  number  greater  than 
or  equal  to  100.05.  There  should  never  be  any  percentages  greater  than  100 
in  this  program,  so  if  this  message  is  obtained,  there  are  major  problems 

in  the  bookkeeping  processes.  In  particular,  the  NABORT  array  and  NTEST 
array  are  probably  filled  with  wrong  numbers. 

7.5.9  STOP  IN  GETRNG:  TARGET  VELOCITY  =  0.0.  This  message  means 
a  target  velocity  of  zero  was  input.  This  is  not  allowed  since  division 

by  zero  in  calculating  1 i ne-of-sight  duration  would  cause  division  overflow 
on  the  computer. 

If  one  really  wishes  to  use  zero  velocity,  it  is  suggested  that 
one  use  a  velocity  of,  say,  .001  which  will  create  1 ine-of-sight  durations 
so  great  that  the  end  result  will  not  differ  significantly  from  those  of 
a  stationary  target. 

A  subroutine  call  trace  is  also  produced. 
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7.5.10  STOP  IN  GETVIS:  RANDOM  NUMBER  TROUBLE  1.  This  message 

means  that  the  attempt  to  sample  weather  data  failed  under  cloud  free 

1 i ne-of-sight  conditions. 

This  probably  means  that  there  is  an  error  in  the  PRGCFL  array 
or  the  random  number  generator  is  malfunctioning. 

A  subroutine  call  trace  is  also  produced. 

7.5.11  STOP  IN  GETVIS:  RANDOM  NUMBER  TROUBLE  2.  This  message 

means  that  the  attempt  to  sample  weather  data  failed  under  no  cloud  free 

1 ine-of-sight  conditions. 

This  probably  implies  that  there  are  invalid  numbers  in  the  W 
array  or  the  random  number  generator  is  malfunctioning. 

A  subroutine  call  trace  is  also  produced. 

7.5.12  STOP  IN  HEADER:  ERROR  NUMBER  1.  This  error  occurs  only 
if  lOVER  (J)  has  a  value  other  than  0,  1,  or  2  for  a  value  of  J  =21,  22, 
23,  24,  25,  26,  27,  or  28. 

This  should  never  happen.  If  it  does  there  is  a  serious  problem 
somewhere  in  the  input  or  the  random  access  mass  storage  file. 

7.5.13  STOP  IN  HITCHK:  FAILED  TO  BRACKET  RANGE.  This  stop 
occurs  when  the  designator-to-target  range  cannot  be  bracketed  by  the 
range  values  in  the  RNGPST  array.  This  indicates  either  an  error  in  the 
range  calculation  or  a  need  for  longer  range  values  in  the  RNGTTF  array. 

7.5.14  STOP  IN  INPUT:  EOF  ENCOUNTERED.  This  stop  occurs  when 
an  end-of-file  is  encountered  on  TAPE  5  after  an  END  card  (instead  of 
after  the  expected  ENDF  card). 

7.5.15  STOP  IN  INPUT:  ERROR  NUMBER  1.  This  stop  corresponds 
to  the  message  of  section  7.4.1. 

7.5.16  STOP  IN  INPUT:  EXTRA  NEXT  CASE  CARD.  This  stop  occurs 
when  two  (or  more)  NEXT  CASE  cards  occur  within  the  same  case  (i.e., 
without  an  intervening  END  card).  The  program  will  not  accept  more  than 
one  NEXT  CASE  card  per  case.  (All  cards  lying  between  consecutive  END 
cards  are  considered  to  form  a  case.  For  this  purpose,  the  beginning  and 
end  of  TAPE  5  may  both  be  regarded  as  END  cards.) 

7.5.17  STOP  IN  INPUT:  FIRST  CASE  CARD  IN  SUBSEQUENT  CASE.  This 
stop  occurs  if  a  FIRST  CASE  card  is  encountered  anywhere  on  TAPE  5  other 
tlian  in  the  first  case.  Cases  other  than  the  first  case  should  be  headed 
by  NEXT  CASE  cards  rather  than  FIRST  CASE  cards. 
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7.5.18  STOP  IN  INPUT:  PARAMETERIZED  RESPONSE  TIME  <=0.0.  This 
stop  occurs  when  attempting  to  play  a  parameterized  response  time  less 
than  or  equal  to  zero.  Such  times  are  not  allowed  in  the  program. 

7.5.19  STOP  IN  LOSCHK:  ERROR  WITH  RANDOM  OCCURRENCE  OPTION.  This 
message  means  that  the  designator-to-target  range  cannot  be  bracketed  by 
the  range  value  in  the  RNGPLS  array.  This  indicates  either  an  error  in 

the  range  calculation  or  a  need  for  larger  range  values  in  the  RNGPLS  array. 

7.5.20  STOP  IN  MINTRN:  FAILED  TO  BRACKET  RANGE.  This  stop 
occurs  when  the  designator-to-target  range  cannot  be  bracketed  by  the 
range  values  in  the  RNGPST  array.  This  indicates  either  an  error  in  the 
range  calculation  or  a  need  for  larger  range  values  in  the  RNGPST  array. 

7.5.21  STOP  IN  NOREC:  ATTEMPTED  TO  READ  NON  EXISTENT  RECORD.  This 
stop  corresponds  to  the  message  of  section  7.4.3. 

A  subroutine  call  trace  is  also  produced. 

7.5.22  STOP  IN  NUMRIC:  ERROR  NUMBER  1.  This  stop  corresponds 
to  the  error  message  of  section  7.4.7. 

7.5.23  STOP  IN  NUMRIC:  ERROR  NUMBER  2.  This  stop  corresponds 
to  the  error  message  of  section  7.4.6. 

7.5.24  STOP  IN  PECHK:  FAILED  TO  BRACKET  DELTA  T.  This  message 
means  that  the  time  delay  cannot  be  bracketed  by  the  DLTT  array  time 
values.  This  indicates  either  an  error  in  calculating  DELTAT  or  a  need 
for  larger  time  values  in  the  DLTT  array. 

7.5.25  STOP  IN  RENAME:  ERROR  NUMBER  1.  This  stop  means  that 
one  of  the  input  values  that  determines  which  PEDATA  record  is  to  be  used 
had  a  value  not  found  in  the  XVALUE  array.  (See  section  5.4.) 

7.5.26  STOP  IN  RENAME:  ERROR  NUMBER  2.  This  stop  means  that 
an  illegal  index  value  was  assigned  to  NP  in  subroutine  RENAME.  (See 
section  5.4.) 


7.5.27  STOP  IN  RENAME:  ERROR  NUMBER  3.  This  stop  means  that  a 
response  time  less  than  zero  or  greater  than  or  equal  to  999.5  was  input. 
This  is  outside  the  allowable  range  of  response  times. 

7.5.28  STOP  IN  PENAME:  (PEIDNT)  ERROR  NUMBER  4.  This  stop 
means  that  the  PEDATA  record  name  could  not  be  decoded  successfully. 

(See  section  5.4.) 


7.5.29  STOP  IN  SEPREC:  ERROR  NUMBER  1.  This  error  occurs  only 
if  the  number  of  keywords  and/or  option  words  on  an  input  card  is  greater 
than  10  or  less  than  or  equal  to  zero. 
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7.5.30  STOP  IN  SMPLCD:  FAILED  TO  BRACKET  RANDOM  NUMBER.  This 
stop  occurs  when  the  random  number  obtained  from  the  uniform  random  number 
(0  to  1)  generator  cannot  be  bracketed  by  the  cumulative  probability 
values  describing  the  distribution  to  be  sampled.  It  indicates  either  a 
malfunctioning  random  number  generator  or  an  incomplete  description  of 
the  distribution  to  be  sampled. 

A  subroutine  call  trace  is  also  produced. 

7.5.31  STOP  IN  SMPLCD:  RANDOM  NUMBER  TOO  LARGE.  This  stop 
corresponds  to  the  error  message  of  section  7.4.8. 

A  subroutine  call  trace  is  also  produced. 

7.6  Echo  Printing. 

The  COPE  program  uses  TAPE  8  (i.e.,  logical  output  unit  8)  to 
echo  inputs,  to  print  the  values  of  the  case  parameters,  and  to  print  the 
initial  random  number  seeds.  TAPE  8  is  normally  a  scratch  file  that  is 
lost  v/hen  the  job  is  completed;  however,  if  one  wishes  to  see  the  contents 
of  TAPE  8  for  debugging  or  verification  purposes,  then  one  need  merely 
list  it  or  catalog  it  for  future  reference. 

A  sample  of  TAPE  8  contents  is  shown  in  Listings  7-1  and  7-2. 

For  each  case  that  is  run  there  are  two  sections  of  output  on 
TAPE  8.  The  first  section  is  a  listing  of  the  input  options  (i.e.,  the 
case  descriptor  cards  on  TAPE  5)  that  apply  to  the  case. 

The  second  section  (Data  Check)  displays  the  values  of  most  of 
the  data  that  describe  the  case.  This  section  includes  data  from  the 
word  addressable  mass  storage  file  (or  its  equivalent  obtained  by  using 
the  TEMPOPsARY  option),  data  obtained  directly  from  INPUT  cards,  and  a  few 
computed  values.  Together,  these  data  give  the  complete  numerical 
description  of  the  case  to  be  simulated.  (This  echo  print  data  check  has 
tv/o  forms,  a  long  form  and  a  short  form.  The  long  form  gives  all  of  the 
data  describing  the  case;  the  short  form  gives  it  all  except  the  PEDATA 
(i.e.,  the  INDEX  and  PET8L  arrays).  (See  section  4.4.6.) 

Listing  7-1  gives  an  example  of  what  is  printed  on  TAPE  8 
when  the  short  form  of  the  echo  print  is  used.  Listing  7-2  shows 
the  TAPE  8  printout  when  the  echo  print  long  form  i^  used. 

The  values  listed  in  the  Data  Check  section  of  the  TAPE  8 

printout  are  not  identified  by  any  printout  labeling.  Instead,  the  user 

must  locate  the  value  of  a  particular  variable  on  the  printout  by  matching 
the  printout  lines  with  the  WRITE  statements  in  subroutine  ECHO.  If  the 
user  intends  to  use  this  Data  Check  section  frequently,  tfien  perhaps  some 
labeling  should  be  added. 

In  addition  to  the  two  sections  of  output  for  each  case,  TAPE  8 
also  includes  the  random  number  seeds.  These  are  printed  immediately 
following  the  first  case  data  check.  Since  the  random  number  seeds  used 

for  each  case  are  the  same,  the  print  of  random  number  seeds  is  not 

repeated  following  the  data  check  prints  for  subsequent  cases. 


7-11 


Note  that  the  column  numbers  at  the  top  and  bottom  of  each  page 
of  Listings  7-1  and  7-2  are  not  part  of  the  output  produced  on  TAPE  8. 
They  are  included  here  only  for  the  reader's  convenience. 
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CHAPTER  8 


8.  PROGRAM  DESIGN 

8.1  Programming  Principles  of  COPE. 

The  main  COPE  program  has  been  designed  according  to  the  following 
principles: 

(1)  Input  is  designed  to  allow  multiple  cases  per  run  with  only  a 
few  mnemonically  keyed  input  lines  per  case.  For  flexibility, 
it  is  also  possible  to  read  in  data  as  traditional  FORTRAN 
formatted  input. 

(2)  Output  is  designed  so  that  the  printout  of  results  is  nearly 
self-explanatory.  In  addition,  user  generated  comments  can  easily 
be  made  to  appear  in  the  printout  for  any  case. 

(3)  The  program  is  highly  modularized.  The  main  program  consists 
almost  entirely  of  calls  to  various  subroutines  together  with 
the  logic  necessary  to  initialize  and  control  the  execution  of 
three  nested  loops  (see  section  8.2). 

(4)  Most  subroutines  or  functions  are  designed  for  a  single  purpose 
(e.g.,  perform  a  test,  read  input,  write  output,  etc.)  so  that 
when  one  wishes  to  change  any  aspect  of  the  program  it  is  usually 
necessary  to  change  only  a  small  number  of  the  subroutines 
(usually  the  one  performing  a  particular  test  plus  the  input 
routine). 

(5)  The  principles  of  structured  programming  have  been  adhered  to 
in  some  degree.  Because  the  program  is  written  in  FORTRAN  IV 
(extended  CDC  version)  which  does  not  have  if-then-el se,  do-until , 
do-while  constructs,  it  is  still  necessary  to  use  GO  TO's  and 
statement  labels.  However,  blank  comment  cards  have  been  in¬ 
serted  between  logical  blocks  within  each  program  to  improve 
readability,  and  unnecessary  GO  TO's  have  been  minimized.  In 
addition,  statement  labels  are  in  ascending  numerical  order 
within  each  subroutine. 

(6)  All  data  statements  have  been  grouped  into  a  single  BLOCK  DATA 
subprogram. 

(7)  Mnemonically  meaningful  variable  and  subroutine  names  have  been 
sel ected. 

(8)  FORTRAN  code  has  been  written  to  minimize  the  number  of  non¬ 
standard  (i.e.,  CDC  peculiar)  features  used.  Nevertheless, 
there  are  some  CDC  peculiar  code  features  that  were  impractical 
to  omit  (e.g.,  READMS,  SYSTEMC,  etc.).  These  are  cited  in 
Chapter  13. 
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8.2  General  Logic  Flow. 


The  COPE  main  program  can  be  viewed  as  three  large  nested 
loops  on  case,  replication,  and  round.  Figure  8-1  illustrates  the 
general  COPE  logic  flow  including  the  three  loops. 

This  figure  is  necessarily  oversimplified  and  a  more  detailed 
flow  chart  is  to  be  found  in  Chapter  11,  but  the  overall  picture  is 
accurately  summed  up  here. 

8.3  Subroutine  and  Function  Calling. 

Table  8-2  gives  a  listing  of  the  names  of  the  main  program, 
all  of  the  subroutines,  and  all  of  the  functions  in  the  COPE  program. 

COPE  is  the  main  program  name. 

FPRCNT,  GAMMA,  IDCHAR,  NUMRIC,  and  URAN31  are  the  function 

names. 


ABRTTL,  ADDTBR,  ADDTOF,  ARTCHK,  BLOCHK,  CCPLOT,  COMMNT, 

CREAD,  UETCTN,  DFAULT,  DFCHK,  DUST,  ECHO,  FINDIT,  GETRNG,  GETTIM, 

GETVIS,  HEADER,  HITCHK,  INITLZ,  INPUT,  LOSCHK,  MINTRN,  NOREC,  OUTPUT, 
PECHK,  PENAME,  PKCHK,  PPLOT,  PSMOKE,  REINTZ,  RNDREL,  RNGCHK,  SEPREC, 
SMOKE,  SMPLCD,  TIMCHK,  TITLE,  USET,  VISCHK,  and  WARNFO  are  the  subroutine 
names. 


PEIDNT  is  an  entry  point  name  in  subroutine  PENAME. 

For  each  list  entry  (subprogram  name)  in  Table  8-2,  there 
are  sections  giving  the  names  of  subprograms  calling  the  given  list 
entry,  the  names  of  subprograms  (in  COPE)  that  the  given  list  entry 
calls,  and  the  names  of  system  or  IMSL  routines  that  the  given  list 
entry  calls. 

There  is  a  discrepany  that  occurs  in  the  list.  Subroutine 
NOREC  is  called  by  system  routines  LOCF  (as  an  external  argument)  and 
SYSTEMC  (by  address  loaded  in  IRAY  array)  and  hence  does  not  show  as 
"CALLED  BY"  any  routine  in  Figure  8-2  (see  section  9.31). 

Table  8-3  lists  the  system  (CDC,  standard  FORTRAN,  and 
International  Mathematical  and  Statistical  Library)  routines  used  in 
COPE  and  the  subprograms  of  COPE  that  call  each  of  them. 

Table  8-4  is  a  subprogram  calling  tree.  Each  subprogram 
(subroutine  or  function)  in  column  two  can  be  called  by  the  COPE  main 
program  directly.  Each  subprogram  in  column  N  calls  those  subprograms 
in  column  N+1  to  which  it  is  linked  by  lines  (Vs,  I's,  -'s,  and  >'s). 

NOREC  calls  no  other  subprograms  in  COPE.  It  is  called  by 
SYSTEMC  whenever  CDC  FORTRAN  IV  Extended  execution  error  104  is  en¬ 
countered  in  INPUT,  INITLZ,  or  FINDIT. 
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Round  Loop 


FIGURE  8-1  General  COPE  Logic  Flow 
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TABLE  8-2  PROGRAM  UNIT  REFERENCES  CSUBROUTINES,  FUNCTIONS,  AND  MAIN  PROGRAM) 


ABRTTL 

CALI,,.  ED 

BY 

ARTCHK 

BLOCHK 

DETCTN 

DFCHK 

DUST 

GETT  IM 

HITCHK 

L.OSCHK 

MINTRN 

PECHK 

PKCHK 

RNDREL 

RNGCHK 

smoke 

TIMCHK 

VISCHK 

WARNDO 

ADDTBR 

CALLED 

BY 

COPE 

ADDTOF 

CALL,  ED 

BY 

COPE 

ARTCHK 

called 

DY 

COPE 

CALLS 

ABRTTL 

URAN31 

ELOCHK 

CALLED 

EY 

COPE 

CALLS 

ABRTTL 

CCPl.OT 

CAL  LED 

BY 

INPUT 

ChLI„„S 

CO MM NT 

CAL  LS 

f  SYS) 

ENCODE 

CO MM NT 

CALLED 

BY 

CCPL  OT 

HEADER 

I  NPiJT 

PPL  OT 

SEPREC 

CALL,„S 

(SYS) 

ENCODE 

WRITE 

COPE 

CAlLS 

ADDTBR 

ADDTOF 

ARTCHK 

BLOCHK 

DETCTN 

DFCHK 

DUST 

getrng 

GETTIM 

GETVIS 

HITCHK 

INITL  Z 

J  NPUT 

LOSCHK 

MINTRN 

OUTPUT 

PECHK 

PKCHK 

RE  I NT 2 

RNDREL 

RNGCHK 

SMOKE 

TIMCHK 

TITLE 

UISCHK 

WARNDO 

CREAD 

CALLED 

DY 

I  NPUT 

CALi..,S 

SEPREC 

CALLS 

(SYS) 

DECODE 

ENCODE 

READ 

DETCTN 

CALLED 

EY 

COPE 

CALLS 

ABRTTL 

SMPLCD 

DFAULT 

CAL  LED 

BY 

INITL2 

DFCHK 

CALLED 

BY 

COPE 

CALLS 

ABRTTL 

URAN3 1 

CALLS 

(SYS) 

AMAX  1 

DUST 

CALLED 

EY 

COPE 

ChL1.,„S 

ABRTTL 

UR AN 3 1 

ECHO 

CALLED 

BY 

INPUT 

CALLS 

(SYS) 

write 

FIND  IT 

CALLED 

BY 

INPUT 

CAL  LS 

NUMR I C 

CALLS 

(SYS) 

IFIX 

LOCF 

READMS 

SYSTEMC 

WRITE 

FPPCNT 

CALLED 

EY 

OUTPUT 

CAI.LS 

(SYS) 

ENCODE 

GAMMA 

CALLED 

BY 

GETTIM 

CALLS 

(  IMSL) 

GGAMA 
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TABLE  8-2  PROGRAM  UNIT  REFERENCES  (SUBROUTINES,  FUNCTIONS,  AND  MAIN  PROGRAM)  -  CONT'D 


GETRNG 

CALLED  BY 
CALLS 

CALLS  (SYS) 

COPE 

SMPLCD 

FLOAT 

STRACE 

GETTIM 

CALLED  BY 
CALLS 

COPE 

ABRTTL 

GAMMA 

SMPLCD 

URAN31 

GETVIS 

CALLED  BY 
CALLS 

CALLS  (SYS) 

COPE 

UR  AN  31 
STRACE 

HEADER 

CALLED  BY 
CALLS 

CALLS  (SYS) 

INPUT 

COMMNT 

DECODE 

PEIDNT 

ENCODE 

WRITE 

HITCHK 

CALLED  BY 
CALLS 

COPE 

ABRTTL 

URAN31 

I D  i..-  H  H  R 

CALLED  BY 

NUMRIC 

SEPREC 

ir’JITLZ 

CALLED  BY 
CALLS 

CALLS  (SYS) 

COPE 

DFAULT 

l-OCF 

USET 

OPENMS 

READMS 

SYSTEMC 

I.  NFUT 

CALLED  BY 
CALLS 

CALLS  (SYS) 

COPE 

CCPLOT 

RENAME 

AES 

READHS 

COMMNT 

PPLOT 

DECODE 

READ 

CREAD 

PSMOKE 

ENCODE 

SYSTEMC 

ECHO  FIND  IT 

SEPREC  USET 

EOF  FLOAT 

WRITE 

HEADER 

LOCF 

L..OSCHK 

CALLED  BY 
CALLS 

CALLS  (SYS) 

COPE 
ABRTTL 
AM  A  XI 

URAN31 

HINTRN 

CALLED  BY 
CALLS 

CALLS  (SYS) 

COPE 

ABRTTL 

AMAXl 

URAN3 1 

NOR  EC 

CALLED  BY 
CALLS  (SYS) 

STRACE 

WRITE 

NUMRIC 

CALLED  BY 
CALLS 

CALLS  (SYS) 

FIND  IT 
IDCHAR 
DECODE 

ENCODE 

WRITE 

OUTPUT 

CALLED  BY 
CALLS 

CALLS  (SYS) 

COPE 

FPRCNT 

FLOAT 

WRITE 

PECHK 

CALLED  BY 
CALLS 

CALLS  (SYS) 

COPE 

ABRTTL 

AMAXl 

URAN31 

FLOAT 

MAX0 

MIN0  MINI 

PE  IBNT 

CALLED  BY 
CALLS  (SYS) 

HEADER 

ABS 

DECODE 

FLOAT 

MOD 

RENAME 

CALLED  BY 
CALLS  (SYS) 

INPUT 

ABS 

ENCODE 
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TABLE  8-2  PROGRAM  UNIT  REFERENCES  (SUBROUTINES,  FUNCTIONS,  AND  MAIN  PROGRAM)  -  CONT'D 


F'KCHK 

CALLED 

BY 

COPE 

CALLS 

ABRTTL 

URAN31. 

CALLS 

(SYS) 

M I  Ni?! 

PF'LOT 

CALLED 

BY 

IMPOT 

CALLS 

COMMNT 

CALLS 

(SYS) 

ENCODE 

PS MOKE 

CALLED 

BY 

INPUT 

CALLS 

(SYS) 

AM  INI 

FLOAT 

RE  I NT Z 

CALLED 

BY 

COPE 

CALLS 

(SYS) 

MOD 

WRITE 

RWDREL 

CALLED 

BY 

COPE 

CALLS 

ABRTTL 

URAN3 1 

RNGCHK 

CALLED 

BY 

COPE 

CALLS 

ABRTTL 

SEPREC 

CALLED 

BY 

CREAD 

1 NPLIT 

CALLS 

COMMNT 

IDCHAR 

CALLS 

(SYS) 

ENCODE 

SMOKE 

CALLED 

BY 

COPE 

CALLS 

ABRTTL 

L1RAN3 1 

SMPLCD 

CALLED 

BY 

DETCTN 

GETRNG 

GETTIM 

CALLS 

URAN3 1 

CALLS 

(SYS) 

STRACE 

WRITE 

TIMCHK 

CALLED 

BY 

COPE 

CALLS 

ABRTTL 

TITLE 

CALLED 

BY 

COPE 

CALLS 

(SYS) 

DATE 

TIME 

WRITE 

IJRAN3 1 

CALLED 

BY 

ARTCHK 

DECHK 

DUST 

GETTIM 

GETUIS  HITCH!- 

LOSCHK 

MINTRN 

PECHK 

PKCHK 

RNDREL  SMOKE 

SMPLCD 

WARNDO 

USET 

CALLED 

BY 

INITL2 

INPUT 

VISCHK 

CALLED 

BY 

COPE 

CALLS 

ABRTTL 

WARNDO 

CALLED 

BY 

COPE 

CALLS 

ABRTTL 

UPAN3 1 
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TABLE  8-3  SYSTEM  AND  IMSL  ROUTINE  REFERENCES 


ABS 

CALLED 

BY 

INPUT 

PEIDNT 

PENAMF 

AMAXI 

CALLED 

BY 

DECHK 

LOSCHK 

MINTRN 

PECHK 

AM  IN  I 

CALIJCD 

BY 

PSMOKE 

DATE 

CALL.ED 

BY 

TITLE 

DECODE 

CALL.  ED 

BY 

CREAD 

HEADER 

INPUT 

NUMRIC 

PEIDNT 

ENCODE 

CALL  ED 

BY 

CCPLOT 

NUMRIC 

COMMNT 

RENAME 

CREAD 
PPL  or 

FPRCNT 

SEPREC 

HEADER 

EOF 

CAL  LED 

BY 

INPUT 

FLOAT 

CALLED 

BY 

GETRNG 

INPUT 

OUTPUT 

PECHK 

PEIDNT 

GGAMA 

CALLED 

BY 

GAMMA 

IFIX 

CALLED 

BY 

FIND  IT 

LOCF 

CALL, ED 

BY 

F INDIT 

TNITL2 

INPUT 

MAX0 

CALLED 

BY 

PECHK 

MI  NO 

CALLED 

BY 

PECHK 

PKCLLK 

M I N 1, 

CALL.  ED 

BY 

PECHK 

MOD 

CALL,.ED 

BY 

F'EIDNT 

RE  I NT Z 

OPENMS 

CALL,  ED 

BY 

IMITLZ 

REALMS 

CALLED 

BY 

F INDIT 

INITLZ 

INPUT 

READ 

CALLED 

BY 

CREAD 

INPUT 

STRACE 

CALLED 

BY 

GETRNG 

GETVIS 

NOREC 

SMPLCD 

SYSTEMC 

CALLED 

BY 

FIND IT 

INITLZ 

INPUT 

TIME 

CALLED 

BY 

TITLE 

NRITE 

CALLED 

BY 

COMMNT 

NUMRIC 

ECHO 

OUTPUT 

FIND  IT 
REINTZ 

HEADER 

SMPLCD 

INPUT 

TITLE 

NOTES  ALL 

ROUT  IN 

ES  LIY 

LIED  IN  T 

HE  FIRST 

COLUMN 

OF  THIS 

TABLE 

(EXCEPT  GGAMA)  ARE  STANDARD  SYSTEM  ROUTINES  OF  CDC 
FORTRAN  EXTENDED  VERSION  4. 

GGAMA  IS  A  SUBROUTINE  FROM  THE  INTERNATIONAL  MATHEMATICAL 
AND  STATISTICAL  LIBRARY  (IMSL). 


INPUT 


PSMOKE 


NOREC 


TABLE  8-4  COPE  SUBROUTINE  "TREE 


; - - 

>ADPTER 

I  — . —  ■ 

>ADDTnF 

I - - - 

>ARTCHK-  - 

- 

- >ABRTTL 

1  i 

I- 

- 

- MJRAW31 

j - 

>ELOCHK- - 

- 

- >AERTTL 

T  ..  ....  —  — 

>DETCTN-- 

- >ABRTTL 

V 

I- 

- 

- >SMPt  CD-- 

- >URAN31 

I . -  - . 

>DFCHK - 

- 

- . ->AERTTL 

V 

I  -  - 

- 

- >URAN31 

r - 

>rjusT - 

- >AERTTL 

V 

T _ _ 

i 

- 

- >URAN31 

I - - 

>GETRNG-- 

- 

- >SMPLCD-- 

- >URAN3  1. 

r  _  . . .  . . 

>GETTTH-- 

- 

- >AERTTL 

t  .t 

V 

1- 

- 

- >GAHNA 

\  ,1 

V 

I- 

- 

- >SHPLCn-- 

- MJRAN31 

V 

I- 

- 

- >URAN31. 

I . . -  - 

>GFTVIS-- 

- 

- >URAN31 

7 - - 

>HITCHK-- 

- 

- >aerttl 

n 

T 

J.  - 

- 

- M3RAN31 

I  -  - . — 

MNITL2-- 

- 

. ~>D FAULT 

V 

I.  - 

- 

- >USET 

J - 

>  INPUT - 

- 

- >CCPLOT-- 

- >COMMNT 

V 

1  -  " 

- 

- > COMM NT 

U 

I  ■■  - 

- 

- >CREAD - 

- >SEPREC- 

V 

V 

I 

V 

T  __ 

- 

- >ECHO 

V 

I  “  ■" 

- 

- >FI MBIT-  - 

- >NUMRIC- 

T-- 

- >heaber-- 

- >COMMNT 

V'* 

y 

I- 

- >PEIDNT 

V 

I-- 

- 

- >  RENAME. 

V 

I-- 

- >PPLOT--~ 

- >COMMNT 

V 

I-- 

- >PSMOKE 

V 

I-- 

- 

- >SEPREC- - 

- >COMMNT 

V 

V 

I- 

- >IDCHAR 

V 

I  -  - 

-• 

- >USET 

I - 

>1.  OSCHK-- 

- >ABRTTL 

\} 

I- 

- 

- '‘IJRANS I 

1  - . . - 

>HINTRN-- 

... 

- >ABRTTL 

V 

I- 

- >URAN31 

I - - 

>riiJTpiJT-- 

- 

- >FPRCNT 

1. 

>PECHK - 

- 

- >AERTTL 

1  ; 

V 

T 

1 - 

- 

- >URAN3I 

I . . . 

>PKCHK - 

- 

- >ABRTTL 

V 

I-  - 

- 

- >URAN3 1 

.1. 

I  -  - - - 

>RNDREL-- 

- 

- >AERTTL 

V 

I  - 

- 

- >URAN31 

I - - -  •• 

>RNGCHK-~ 

- 

- >abrttl 

I - - 

>SNQKE- -- 

- 

- >ABRTTL 

y 

I  -- 

- 

- >URAN31 

I - 

>TINCHK-- 

- 

- >ABR.TTL 

1 - 

> TITLE 

I  -  - . . 

TVISCHK-- 

- 

- >AERTTL 

3. - - 

TWARNDO-- 

- 

- >AERTTL 

V 

I  - 

- 

- >URAN31 

- > COMM NT 


- >IDCHAR 


- . ->IDCHAR 
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CHAPTER  9 


9.  SUBPROGRAMS 

This  chapter  explains  in  moderate  detail  what  each  subprogram 
of  COPE  does.  All  four  standard  FORTRAN  subprogram  types  (main  program, 
block  data,  function,  and  subroutine)  are  present  in  COPE.  In  the  following, 
the  subprograms  are  discussed  in  this  order:  main  program,  block  data, 
functions  (in  alphabetical  order),  and  subroutines  (in  alphabetical 
order). 


This  chapter  deals  only  with  subprograms  defined  by  COPE. 

System  subroutines  and  functions  are  divided  into  three  classes:  standard 
FORTRAN  IV  routines,  routines  peculiar  to  CDC  FORTRAN  4  Extended,  and 
IMSL  routines.  The  reader  is  assumed  to  be  familiar  with  the  first  of 
these  classes  (or  at  least  have  access  to  a  FORTRAN  manual).  System 
routines  in  the  remaining  two  classes  are  discussed  to  some  extent  in 
Chapter  13. 

9.1  COPE  Main  Program. 

The  COPE  main  program  is  well  summarized  by  the  flowchart  in 
Figure  8-1. 

The  main  program  begins  by  calling  routines  that  write  the 
title  page  (TITLE}  and  initialize  case  independent  variables  (INITLZ). 

Next  the  main  program  calls  INPUT  to  read  the  first  (or 
next)  case's  input.  It  then  calls  REINTZ  which  re-initial izes  certain 
case  dependent  counters  and  random  number  seeds.  It  then  initializes 
the  current  replication  number  at  one  and  the  number  of  FO's  (DO's) 
killed  so  far  in  the  case  at  zero.  The  steps  in  this  paragraph  begin 
the  "case  loop." 

The  main  program  next  begins  the  "replication  loop"  for  the 
first  (or  next)  replication  of  the  current  case.  This  loop  begins  by 
initializing  the  number  of  the  current  round  to  one  and  then  setting 
various  times,  flags,  and  a  counter. 

The  "replication  loop"  now  continues  by  calling  a  sequence 
of  subroutines  v/hich  perform  the  tests  described  in  Chapter  2  and 
sample  weather,  range-LOS,  and  time  data. 
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routines  (in  order  called) 


purpose 


ARTCHK 

perform  test  1 

GETVIS 

sample  v/eather  distribution 

GETRNG 

sample  acquisition  range  and 
LOS  segment  distributions 

VISCHK 

perform  test  2 

RNGCHK 

perform  test  3 

DETCTN 

perform  test  4 

SMOKE 

perform  test  5 

DUST 

perform  test  6 

BLOCHK 

perform  test  7 

GETTIM 

sample  time  distribution(s) 
and  perform  tests  8  and  9 

BLOCHK 

perform  test  10 

TIMCHK 

perform  test  11  (for  "shoot- 
ting  gallery"  only) 

ADDTOF 

calculate  round  arrival  time 

Each  of  these  routines  is  explained  in  detail  later  in  this  chapter. 

Note  tiiat  if  any  routine  that  performs  one  (or  more)  of  the 
tests  is  called  and  the  test  is  failed,  then  the  subsequent  routines  in 
the  above  list  are  not  called;  instead,  control  transfers  to  statement 
140  (end  of  "replication  loop")  v/here  a  check  is  made  to  determine  whether 
all  of  the  replications  for  this  case  have  been  done.  If  they  have, 

OUTPUT  is  called  to  print  case  results  and  then  the  end  of  the  "case 
loop"  is  either  hit  and  control  returns  to  statement  100  v;hich  calls 
INPUT  to  read  the  input  for  the  next  case  or,  if  the  last  case  has  been 
run,  control  passes  to  the  STOP  and  the  program  terminates.  If  not  all 
replications  for  the  current  case  have  been  completed,  then  the  number 
of  the  current  replication  is  increased  by  one  and  control  returns  to 
statement  110  (which  is  the  start  of  the  "replication  loop")  to  begin 
next  replication. 

If  none  of  the  tests  are  failed  and  the  program  reaches  ADDTOF 
on  the  current  replication,  then  the  "round  loop"  begins  (with  statement 
120).  The  "round  loop"  consists  of  a  further  sequence  of  subroutines 
which  are  called  to  perform  those  tests  that  may  affect  only  one  round. 


routines(in  order  called) 


purpose 


LOSCHK 

WARNFO 

DFCHK 

RNDREL 

MINTRN 

PECHK 

HITCMK 

PKCHK 


perform  test  12 
perform  test  13 
perform  test  14 
perform  test  15 
perform  test  16 
perform  test  17 
perform  test  18 
perform  test  19 


Again,  each  of  these  routines  is  explained  in  detail  later  in  this 
chapter. 
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If  any  subroutine  that  performs  one  of  these  tests  (12  through 
19)  is  called  and  the  test  is  failed,  then  the  subsequent  routines  in 
the  above  list  are  not  called  for  the  current  round;  instead,  control 
transfers  to  statement  130  (end  of  "round  loop")  where  a  check  is  made 
to  determine  whether  all  of  the  rounds  for  this  replication  have^been 
done.  If  they  have,  control  transfers  to  statement  140  (end  of  "repli¬ 
cation  loop")  where  the  check  is  made  to  determine  whether  more  replications 
are  to  be  done  for  the  current  case.  If  not  all  rounds  for  this  replication 
have  been  completed,  then  the  time  the  next  round  arrives  is  computed 
(ADDTBR),  the  round  number  is  incremented  by  one,  the  end  replication 
(or  ENDREP)  flag  is  reset  and  control  transfers  to  statement  120  (start 
of  "round  loop")  to  begin  the  next  round. 

If  no  test  is  failed,  then  control  reaches  statement  130  after 
the  entire  sequence  of  subroutines  in  the  "round  loop  has  been  called. 

At  this  point  a  check  is  made  to  determine  whether  all  rounds  for  this 
replication  have  been  done.  Control  then  proceeds  just  as  in  the  case 
when  statement  130  is  reached  due  to  a  failed  test  as  described  in  the 
paragraph  above. 

When  all  the  rounds  for  a  replication  are  completed,  a  check 
is  made  to  determine  whether  more  replications  remain  to  be  done  (end 
of  "replication  loop").  If  more  replications  remain,  control  transfers 
to  110  (start  of  "replication  loop")  to  begin  the  next  replication.  If 
all  replications  for  the  current  case  are  completed,  then  OUTPUT  is 
called  to  print  results  for  current  case  (end  of  "case  loop"). 

When  a  case  ends  and  its  results  are  printed,  the  program  checks 
whether  the  last  case  flag  (ENDFL6)  has  been  set.  If  it  has,  the  program 
stops;  if  it  has  not  been  set,  then  control  goes  to  statement  100  and 
INPUT  is  called  to  read  the  next  cases  input.  If  there  is  input  for 
another  case,  it  is  read  and  the  entire  process  from  INPUT  through  end  of 
"case  loop"  is  repeated;  if  there  is  no  input  for  further  cases,  the 
program  terminates. 

9.2  BDATAl  Block  Data  Subprogram. 

BDATAl  consists  entirely  of  data  statements  used  to 
initialize  variables  in  various  COMMON  blocks.  These  blocks  are 
listed  in  section  4.7  and  are  their  variables  defined  individually  in 
Chapter  12  (Glossary  of  Variables). 

9.3  FPRCNT  Function. 

This  function  formats  percentages.  It  takes  a  numerical 
argument  XIN  and  a  logical  argument  PAREN  and  assigns  a  one  word  al¬ 
phanumeric  character  string  as  the  value  of  FPRCNT. 

If  XIN  is  negative,  then  FPRCNT  is  assigned: 
the  left  justified  character  string  UNDEF ) ,  when  PAREN  is  true; 
the  right  justified  character  string  UNDEF,  when  PAREN  is  false. 
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If  XIN  2  100.05,  a  STOP  occurs  with  an  error  message  (see 
section  7.5.7). 

If  XIN  is  positive  and  less  than  100.05,  then  FPRCNT  is 

assigned: 


a  left  justified  character  string  of  the  form  X.XX%) , 
XX.XX%),  or  100.0%),  when  PAREN  is  true; 

a  right  justified  character  string  of  the  form  X.XX%, 
XX.XX%,  or  100.0%,  when  PAREN  is  false. 

The  character  strings  created  by  FPRCNT  are  used  by  OUTPUT 
to  print  percentages.  FPRCNT  is  called  only  from  OUTPUT. 

9.4  GAMMA  Function. 

This  function  takes  two  arguments,  one  real  parameter  ALPHA 
and  one  integer  IRN,  and  returns  a  real  value  as  GAMMA. 

ALPHA  is  the  a  -parameter  of  the  gamma  distribution's  prob¬ 
ability  density  function: 


g(x) 


1 


GAMMA  is  assigned  a  value  obtained  by  randomly  sampling  from 
the  above  distribution.  This  sampling  is  accomplished  by  calling  the 
IMSL  subroutine  GGAMA  with  random  number  seed  IRN. 

The  function  GAMMA  itself  then  really  does  nothing  more  than 
dimension  two  arrays  required  by  GGAMA,  define  an  additional  variable 
used  by  GGAMA,  call  GGAMA  with  ALPHA,  IRN,  the  two  arrays  and  the 
additional  variable  as  arguments,  and  then  set  GAMMA  equal  to  the 
random  sample  obtained  by  GGAMA  from  the  gamma  distribution. 

9.5  IDCHAR  Function. 

The  IDCHAR  function  takes  three  arguments,  one  real  array  A 
and  two  integer  variables  N  and  I.  It  returns  an  integer  value. 

The  array  A  of  dimension  N  should  be  filled  with  left  jus¬ 
tified  characters,  one  character  per  word.  (Most  often  A  is  dimensioned 
with  N=80  and  consists  of  a  card  image  read  under  80A1  Format  in  INPUT). 
The  function  IDCHAR  then  examines  the  Ith  element  of  the  array,  that  is 
A(I). 
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The  function  IDCHAR  is  then  assigned  a  value  as  follov;s: 


IDCHAR  =  0  if  A(I)  is  a  number  or  minus  sign  (hyphen); 

IDCHAR  =1  if  A(I)  is  a  letter  or  an  apostrophe; 

IDCHAR  =  2  if  A(I)  is  a  decimal  point  (period); 

IDCHAR  =  3  if  A(I)  is  a  blank; 

IDCHAR  =4  if  A( I)  is  a  separator  (i.e. , 
right  parenthesis,  a  slash,  or  a 
IDCHAR  =  5  if  A(I)  is  a  dollar  sign;  and 
IDCHAR  =6  if  A(I)  is  anything  else. 


a  comma,  a  left 
question  mark) ; 


or 


9.6  NUMRIC  Function  (Logical  Valued). 

The  NUMRIC  function  takes  one  real  array  argument,  B,  and 
three  integer  variable  arguments  Nl,  N2,  and  IB. 

The  array  B  of  dimension  Nl  by  N2  (i.e.,  DIMENSION  B(N1, 

N2))  is  checked  to  determine  whether  its  IBth  line  (that  is,  entries 
B(J,  IB)  for  J  =  1,  2,  3,...,  N2)  is  numeric  data  (i.e.,  whether  it 
consists  only  of  numerals,  minus  sign,  and  decimal  point  possibly  with 
trailing  blanks). 

If  the  line  is  numeric  data,  NUMRIC  is  assigned  the  value 
TRUE.  If  the  line  contains  some  non-numeric  characters  (letters, 
commas,  etc.),  then  NUMRIC  is  assigned  the  value  FALSE. 


The  IBth  line  of  the  B  array  is  treated  as  a  left  justified 
character  string  (10  characters  per  word)  which  is  examined  character 
by  character.  Only  the  first  80  characters  of  the  line  are  examined. 


When  the  line  being  checked  meets  certain  special  conditions, 
other  actions  may  be  taken:  If  more  than  one  decimal  point  is  encountered, 
an  error  stop  with  message  occurs.  If  no  decimal  point  is  encountered 
but  the  characters  are  otherwise  numeric  data,  then  a  decimal  point  is 
added  to  B  at  the  end  of  the  non-blank  characters,  NUMRIC  is  assigned 
the  value  TRUE,  and  a  return  occurs.  If  the  data  are  numeric  but  consist 
of  more  than  ten  non-blank  characters  (including  the  added  decimal 
point,  if  any),  then  an  error  stop  with  message  occurs.  If  the  data 
contain  imbedded  blanks,  then  checking  stops  at  the  first  imbedded  (i.e., 
non-trailing)  blank  and  the  program  behaves  as  though  every  character 
following  were  a  blank.  (This  should  have  no  effect  in  practice  since 
the  only  imbedded  blanks  occur  in  PEDATA  record  names  entered  with  the  $ 
preceding  them.  Those  names  will  already  have  failed  the  numeric  test 
before  ever  reaching  their  first  imbedded  blanks). 


9.7  URAN31  Function. 


This  function  takes  one  integer  argument  I  and  returns  a  real 
value  betv;een  0  and  1  (exclusive). 
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This  is  the  "random"  number  generator  used  to  sample  most 
COPE  data  and  to  generate  "random"  numbers  to  be  compared  against 
probabilities  to  determine  whether  various  tests  are  passed. 

The  best  results  are  obtained  when  I  is  an  odd  integer  in 
the  range  from  0  to  67108864.  URAN31  generates  a  sequence  of  "random" 
numbers  by  replacing  I  by  3125*1 (MOD  67108864)  and  then  setting  URAN31 
equal  to  I  divided  by  67108864.  (That  is,  a  linear  congruential  type 
random  number  generator  A(N+1)  =  A(N)*B(M0D  C)  where  B  =  3125  and  C  = 

2**26).  Then  repeating  the  process  with  the  new  value  of  I  gives  the 
next  "random"  number. 

The  function  is  written  so  that  overflow  will  not  occur  even 
on  machines  with  a  word  size  as  small  as  32  bits. 

Normally,  one  would  not  define  the  random  number  generator 
explicitly  in  the  program  code  since  one  is  available  on  nearly  every 
computer  as  a  standard  system  function.  However,  because  users  on  other 
machines  may  wish  to  run  the  sample  cases  (see  appendices)  to  check  for 
correct  implementation,  the  URAN31  function  has  been  built  into  COPE  as 
its  standard  (system  independent)  random  number  generator. 

9.8  ABRTTL  Subroutine. 

This  subroutine  takes  the  integer  argument  lABRT  which  is 
the  number  of  the  test  whose  failure  caused  ABRTTL  to  be  called. 

ABRTTL  updates  the  test  abort  total  array  NABORT  by  increasing 
the  proper  entry  of  the  NABORT  array  by  one.  For  mission  aborts,  the 
elements  corresponding  to  all  rounds  of  the  lABRTth  test  are  increased; 
for  round  aborts,  only  the  element  corresponding  to  the  lABRTth  test  and 
current  (KRFth)  round  is  increased. 

In  addition,  the  flag  ENDREP  is  set  to  TRUE  to  indicate  that 
a  test  has  been  failed  and  the  current  replication  (or  round)  need  not 
continue  through  the  subsequent  tests. 

9.9  ADDTBR  Subroutine. 

This  subroutine  adds  TBR  (time  between  rounds)  to  TIMRA  (time 
round  arrived)  to  obtain  the  new  value  for  TIMRA  (time  next  round  arrives). 

9.10  ADDTOF  Subroutine. 

This  subroutine  adds  TOF  (time  of  flight)  to  TIMNOW  (time  gun 
is  ready  to  fire  Copperhead)  to  obtain  the  TIMRA  (time  first  round  arrives). 

9.11  ARTCHK  Subroutine. 

This  subroutine  performs  the  test  to  determine  whether  the 
FO  (or  DO,  designator  operator)  has  been  killed  or  suppressed  by  RED 
preparatory  artillery  fires  on  this  replication. 
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9.12  BLOCHK  Subroutine. 


This  subroutine  performs  the  bail  out  checks  (tests  7  and 

10). 

9.13  CCPLOT  Subroutine. 

This  subroutine  would  produce  a  Cal-Comp  plot  of  case  results, 
if  implemented.  At  the  present  time  it  merely  produces  a  comment  that 
no  plot  was  produced  for  the  case. 

9.14  COMMNT  Subroutine. 

This  subroutine  takes  four  arguments:  one  real  array  A  contain¬ 
ing  the  character  string  that  is  the  comment,  one  integer  N1  which  is 
the  dimension  of  A,  and  two  logical  flags  that  indicate  whether  the 
comment  is  a  user  comment  and  whether  the  comment  is  a  program  generated 
"$$$"  comment. 

The  subroutine  writes  the  comment  immediately  (along  with  a 
"$$$"  comment  page  heading,  if  needed)  if  the  comment  is  a  "$$$"  comment 
(either  user  or  program  generated).  If  the  comment  is  a  "$$'  comment, 
then  it  is  encoded  into  the  CMENT  array  for  later  printing  with  the 
current  case.  If  the  comment  is  a  "$"  comment,  it  is  ignored  and  a 
return  occurs. 

Note  that  user  comments  are  in  format  80A1  with  DIMENSION  A 
(80)  whereas  program  generated  comments  are  in  format  8A10  with 
DIMENSION  A(10).  This  difference  need  not  concern  the  casual  user, 
but  is  required  knowledge  if  one  is  to  modify  the  program  in  so  far  as 
comments  are  concerned. 

9.15  CREAD  Subroutine. 

This  subroutine  is  called  by  INPUT  whenever  the  user  exercises 
the  temporary  option.  The  second  field  on  the  TEMPORARY  card  will  be 
used  by  subroutine  INPUT  to  set  the  value  of  IT2  equal  to  the  keyword 
number  for  which  the  temporary  option  is  being  used. 

CREAD  then  sets  ITYPE  equal  to  IT2-20  and  executes  a  computed 
GO  TO  on  ITYPE.  As  a  result  of  this  computed  GO  TO,  control  transfers 
to  one  of  eight  sections  where  the  formatted  temporary  data  is  read. 

Each  of  these  sections  corresponds  to  one  of  the  eight  data  blocks  and 
each  consists  mainly  of  READ  statements  that  fill  in  that  data  block  s 
variables.  When  the  reading  is  completed,  control  branches  to  statement 
number  410  where  a  return  occurs. 

9.16  DETCTN  Subroutine. 

This  subroutine  samples  the  detection  time  distribution  to 
obtain  the  detection  delay  time  for  this  replication  (i.e.,  time  from 
unmask  until  D.O.  initiates  call  for  fire.  It  includes  detection,  ac¬ 
quisition,  and  decision  time). 
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If  "random  occurrence"  is  being  played,  control  returns. 

If  "shooting  gallery"  is  being  played,  the  detection  delay  time  is 
compared  with  the  line  of  sight  duration  (test  4).  If  the  test  is 
passed,  a  return  occurs;  if  the  test  is  failed  the  abort  totaller  is 
called  (ABRTTL)  prior  to  the  return. 

9.17  DFAULT  Subroutine. 

This  routine  merely  sets  the  default  values  for  many  of  the 
case  descriptor  parameters,  data  block  record  names,  and  flags.  (It 
could  really  be  replaced  by  some  data  statements  to  fill  in  these  same 
variables  if  one  so  desires). 

9.18  DFCHK  Subroutine. 

This  subroutine  performs  test  14.  If  the  FO  (DO)  has  been 
killed  on  a  previous  call  for  the  current  replication,  control  trans-' 
fers  to  120  where  the  round  abort  is  totalled  (call  to  ABRTTL)  followed 
by  a  return. 

Otherwise,  the  routine  calculates  the  current  designator-to- 
target  range.  Then  it  uses  that  range  value  to  interpolate  in  the  DFFOKL 
array  to  obtain  probability  that  direct  fire  kills  the  DO  and  probability 
that  direct  fire  obscures  but  does  not  kill  the  DO.  When  these  probabilities 
are  obtained,  test  14  is  performed  to  determine  whether  the  DO  is  unaffected, 
obscured  but  not  killed,  or  killed.  If  the  DO  is  unaffected,  the  routine 
returns;  if  the  DO  is  obscured  but  not  killed,  the  routine  calls  ABRTTL 
to  increment  the  round  abort  counter  and  then  returns;  and,  if  the  DO  is 
killed,  the  routine  increments  the  DO  killed  counter,  sets  the  DO  killed 
flag,  then  calls  ABRTTL  and  returns. 

9.19  DUST  Subroutine. 

This  subroutine  performs  test  6  and  calls  ABRTTL  if  the  test 
is  failed. 

9.20  ECHO  Subroutine. 

This  subroutine  takes  the  integer  argument  lUNIT.  lUNIT  is 
the  logical  I/o  unit  to  which  ECHO  will  write.  (lUNIT  =  8  currently) 

Subroutine  ECHO  does  nothing  more  than  write  out  the  current 
values  of  the  parameters,  flags,  arrays,  etc.  that  describe  the  conditions 
of  the  case,  (see  section  7.6)  This  printout  is  provided  primarily  as 
a  debugging  aid. 

9.21  FINDIT  Subroutine. 

This  subroutine  takes  a  real  array  B  of  character  strings 
dimensioned  N1  by  N2  and  returns  an  integer  valued  array  IT 
dimensioned  N3.  Normally  N1  =  8,  N2  =  10,  and  N3  =  10  so  we  have 
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DIMENSION  B(8,  10),  IT  (10).  The  Kth  line  of  B  (i.e.,  B(J,K)  forJ  - 
1  2  3  ...,8  with  K  fixed)  consists  of  the  character  string  found  in  the 
Kth'field  of  the  input  card  just  read.  This  character  string  is  compressed 
by  eliminating  blanks  (the  exception  is  that  blanks  occurring  in  PEDATA 
record  names  preceded  by  $  are  preserved  when  moved  into  the  B  array) 
and  packing  the  results  10  characters  per  word  into  B. 

Subroutine  FINDIT  compares  the  first  line  of  the  B  array  (B(l,l) 
through  B(8,l))  with  the  keywords  in  the  CHAR  array  in  an  attempt  to 
find  a  match.  If  not  successful,  an  error  message  and  error  stop  occur; 
if  a  match  is  found,  then  IT(1)  is  set  to  the  keyword  number  (contained 
in  CHAR  array  also). 

Next,  if  the  match  occurred  with  the  TEMPORARY,  OVERRIDE ,  or 
RESET  keywords,  then  a  second  pass  through  the  keyword  list  (CHAR  array) 
is  made  to  find  a  match  with  the  second  line  of  the  B  array.  If  this 
search  is  successful,  IT(2)  is  set  to  the  value  of  the  matched  keyword 
and  a  return  occurs.  If  unsuccessful,  an  error  message  and  stop  occurs. 

An  error  message  and  stop  also  occur  if  a  match  is  found  for  a  keyword 
that  is  not  allowed  with  TEMPORARY,  OVERRIDE,  or  RESET. 

If  the  first  match  was  not  with  TEMPORARY,  OVERRIDE,  or  RESET, 
then  the  routines  checks  CHAR  (2,  IMATCH)  to  see  how  many  option  word 
ch3rcict6r  strings  cire  dllow6cl  with  the  IT(l)th  keyword#  If  this  number 
is  zero,  that  is  the  flag  to  the  program  that  it  may  have  one  of  the 
keywords  that  takes  only  numerical  values  and  so  control  transfers  to 
statement  210.  At  statement  210,  B(l,2)  is  checked.  If  B(l,2)  is  blank, 
a  return  occurs;  if  8(1,2)  is  numeric  data,  IT(2)  is  set  to  zero;  if 
B(l,2)  is  neither  blank  nor  numeric  an  error  print  occurs.  Note  that 
the  blank  occurs  either  v/hen  the  keyword  has  no  optionwords  allowed  (as 
with  FIRST  CASE,  END,  etc.)  or  when  the  keyword  is  omitted  (i.e.,  the 
default  valued  is  desired). 

If  CHAR(2,  IMATCH)  is  non-zero,  it  gives  the  number  of  dif¬ 
ferent  option  word  character  strings  allowed  with  the  current  card's 
keyword.  The  TAPE  11  record  name  is  then  set  to  the  abbreviated  form  of 
the  keyword  and  the  record  of  option  word  character  strings  allowed  with 
the  keyword  is  read  into  the  CHARA  array.  The  program  then  proceeds  to 
match  B(2,l)  through  B(2,8)  with  allowable  option  word  choices  for  option 
word  1,  B(3,l)  through  B(3,8)  with  allowable  choices  for  option  word  2, 
etc.  If  a  match  is  not  found  for  any  line  of  B,  then  it  is  tested  to 
see  whether  it  is  numeric;  if  not,  an  error  message  and  stop  occur,  if 
it  is  numeric,  the  next  line  of  B  is  checked.  If  line  K  of  B  is  numeric, 
IT(K)  is  set  to  zero;  if  line  K  of  B  is  blank,  IT(K)  is  left  at  one  (the 
value  indicating  default)  to  which  it  was  set  near  the  beginning  of 
FINDIT;  if  line  K  of  B  matches  one  of  the  character  strings  allowed 
for  option  word  K-1,  then  IT(K)  is  set  equal  to  the  number  of  the  option 
word  choice. 
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It  is  through  setting  the  IT  array  that  FINDIT  signals  sub¬ 
routine  INPUT  as  to  which  keyword  and  optionwords  were  found  on  the 
input  card.  Of  course,  in  the  case  of  numeric  data  or  OVERRIDE  record 
names,  the  values  in  the  B  array  will  have  further  use  even  after  IT  has 
been  determined. 

9.22  GETRNG  Subroutine. 

This  subroutine  samples  the  cumulative  distribution  of  ac¬ 
quisition  ranges  (actually  designator-to-target  ranges  at  time  of  unmask) 
to  obtain  the  initial  designator-to-target  range  for  the  current  replication. 
The  cumulative  distribution  of  1 ine-of-sight  segment  lengths  corresponding 
to  the  range  bracket  in  which  the  designator-to-target  range  lies  is 
then  sampled  to  obtain  the  length  of  the  segment  of  the  target's  path 
that  is  visible  to  the  DO.  This  LOS  segment  length  is  then  added  to  the 
target  column's  length  and  the  sum  is  divided  by  the  target  velocity  to 
obtain  the  duration  of  line  of  sight  (i.e. ,  the  length  of  the  time  interval 
from  target  unmask  until  LOS  to  last  vehicle  in  column  is  lost).  Next  a 
return  is  executed. 

If  the  target  velocity  is  zero  (or  negative)  an  error  stop  with 
message  occurs. 

9.23  GETTIM  Subroutine. 

This  subroutine  serves  three  basic  functions:  (1)  perform 
test  8,  (2)  perform  test  9,  and  (3)  calculate  the  response  time  (time 

from  DO  call  for  fire  until  gun  is  ready  to  fire  Copperhead)  for  those 
missions  that  pass  tests  8  and  9. 

As  mentioned  in  Chapter  2,  there  are  three  different  ways  of 
playing  communication  and  processing  delay  times. 

(1)  If  parameterized  response  time  (PRSPTM)  is  non-zero, 
then  this  routine  sets  the  time  the  gun  is  ready  to  fire  (TIMNOW)  equal 
to  PRSPTM.  It  then  performs  test  8  and  9.  If  either  test  fails,  ABRTTL 
is  called  and  a  return  occurs;  otherwise,  ABRTTL  is  not  called  and  the 
routine  executes  a  return  with  TIMNOW  =  PRSPTM. 

(2)  If  parameterized  response  time  is  zero,  then  the  routine 
is  to  sample  to  obtain  response  time.  If  the  variable  FTSILL  is  TRUE, 
the  routine  samples  the  single  response  time  distribution  (FSRT  array) 
to  obtain  the  response  time  which  is  then  added  to  the  detection  time  to 
obtain  the  time  at  which  the  gun  is  ready  to  fire.  It  then  performs 
tests  8  and  9.  If  either  test  fails,  ABRTTL  is  called  and  a  return 
occurs;  otherwise,  ABRTTL  is  not  called  and  the  routine  executes  a  return 
with  TIMNOW  set  at  the  value  to  be  used  for  this  replication. 
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(3)  Finally,  if  parameterized  response  time  is  zero  and  the 
variable  FTSILL  is  FALSE,  then  the  routine  uses  the  sum  of  the  separate 
^es  onL  time  components  as  the  response  time.  If  digital  communication 
is  modeled,  then  the  time  to  enter  digital  data  into  ^ 

added  to  current  time  (TIMNOW  which  was  previously  set  to  DETTIM). 

Then  an  unnumbered  test  is  made  to  determine  whether  digital 
rnmmn  is  successful.  If  it  is,  a  transmission  time  is  added  to  TIMNUK 
and  control  transfers  to  statement  160  (see  helow).  Ifdigital  commo 
fails  then  a  test  is  performed  to  determine  whether  voice  commo  is 
('/'Qccfiii  Tf  vnire  is  successful,  then  a  time  to  switch  from  digital 
to  voice  and  the  voice  commo  transmission  time  are  added  to  TIMNOW  before 
lonlrll  transfers  to  statement  160.  If  voice  is  also  unsuccessful,  then 
test  8  is  considered  to  have  been  failed,  ABRTTL  is  called,  and  a  return 
executed. 

If  digital  commo  is  not  selected,  then  voice  commo  only  is 
nlaved  In  this  case,  the  test  for  successful  voice  commo  is  made  (test 
8  ^nd  if  fallen  abort  (call  to  ABRTTL)  occurs  followed  by  a  return. 

If  the  test  is  passed,  a  voice  commo  time  is  added  to  TIMNOW  and  control 
reaches  statement  160. 

At  statement  160,  the  battery  computer  system  processing  and 
battery  response  time  are  added  to  TIMNOW.  Test  9_is  then  performed.  If 
it  fails,  ABRTTL  is  called  and  a  return  executed;  if  it  is  passed,  then 
TIMNOW  is  returned  to  be  used  for  the  current  replication. 

9.24  GETVIS  Subroutine. 

This  subroutine  samples  the  weather  data  used  in  the  current 
case  to  obtain  the  cloud  ceiling  altitude  and  the  visibility  range  limit. 

The  routine  first  randomly  determines  whether  there  is  a 
cloud  ceiling.  Next  it  randomly  determines  whether  there  is  a  cloud 
free  1 i ne-of-si ght  for  the  COPPERHEAD  trajectory. 

If  there  is  a  cloud-free  line-of-sight,  then  the  cloud  ceiling 
altitude  is  set  to  its  highest  value  and  a  visibility  limit  is  determine 
by  random  sampling  using  the  PRGCFL  array.  Control  then  branches  to 
statement  160  (see  below). 

If  there  is  no  cloud-free  line-of-sight,  then  the  cloud  ceiling 
altitude  and  visibility  limit  are  both  determined  by  a  random  sampling 
from  the  W  array. 

Note  that  the  items  of  importance  that  are  defined  by  this 
routine  are  the  subscript  of  the  cloud  ceiling  altitude  (ICC),  the  subscrip 
of  th^vi  Sibil  ity  range  limit  (IVL),  and  the  visibility  range  limit  itself 
(VISLIM).  Also,  note  that  ICC  is  initially  a  function  of  increasing 
altitude  (that  is,  higher  altitudes  correspond  to  larger  values  of  ICC); 
hoover,  because  the  ordering  convention  for  cloud  ceilings  was  reversed 
between  the  weather  data  and  the  PE  data,  ICC  is  redefined  after  statement 


9-11 


160  by  setting  the  new  value  of  ICC  equal  to  seven  minus  the  old  ICC 
value  (so  that  higher  altitudes  correspond  to  lower  values  of  ICC). 

9.25  HEADER  Subroutine. 

This  subroutine  produces  the  heading  page  for  each  case. 

The  heading  page  is  produced  by  encoding  the  lines  for  the 
first  column  of  boxes  into  the  AOUT  array;  those  for  the  second  column 
into  the  DOUT  array;  and  those  for  the  third  column  into  the  COUT  array 

Next  the  routine  generates  some  comments  regarding  time  in¬ 
consistencies,  record  name  overrides,  and  data  read  by  the  TEMPORARY 
option  as  applicable. 


Finally,  following  the  lines  giving  case  number  and  number 
of  replications  (which  are  written  before  HEADER  does  any  encoding) 
HEADER  writes  the  AOUT,  BOUT,  and  COUT  arrays  to  produce  the  nine  boxes 
of  case  description  information  that  occur  on  the  case  header  page. 

Then  if  any  "$4)"  comments  are  to  be  printed  for  this  case,  the  CMENT 

array  is  written  (this  includes  both  user  comments  and  program  generated 
comments). 

9.26  HITCHK  Subroutine. 

This  subroutine  performs  test  18. 

^  =  1 1  i 0 1 Or po  1  a t es  with  respect  to  designator-to-target 

range  (RNGNOW)  in  the  proper  row  of  the  TTF  array  as  determined  by  desig- 
nator  type  and  target  posture  (exposure)  to  obtain  the  probability  of 
4.U  probability  of  hit  is  really  the  probability  of  hit  given 
that  the  round  engages  (that  isythat  the  seeker  locks  onto  the  laser 
spot  on  the  target  and  does  so  within  the  maneuver  footprint  of  the 
COPPERHEAD  round). 


Next  the  routine  compares  a  random  number  (between  0  and  1) 
to  the  probability  of  hit  to  determine  whether  the  current  round  hits. 
If  the  round  hits,  a  return  occurs;  if  not,  ABRTTL  is  called  to  record 
the  failure  (miss)  and  a  return  occurs. 


9.27  INITLZ  Subroutine. 

The  subroutine  initializes  certain  case  independent  values. 

After  setting  IRAY  and  calling  SYSTEMC  to  set  the  non-stand- 
process,  the  routine  proceeds  to  set  the  values  of 
UIAK  tor  I  -  1,2,...NREC  from  the  values  in  the  record  named  OPTNNUMS 

on  Tape  11.  (This  record  is  automatically  updated  by  the  PREPMS  program 
each  time  new  optionword  character  strings  are  added  for  a  keyword). 
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The  program  next  calls  DFAULT  to  set  the  default  values  for 
the  various  case  descriptors,  record  names,  etc.  Then  USET  is  called 
to  set  the  values  to  be  used  as  the  base  to  which  the  first  case  input 
card  values  are  to  be  applied.  Finally,  MSABLM  is  set  and  a  return  is 
executed. 

9.28  INPUT  Subroutine. 

This  subroutine  reads  the  input  lines  for  a  given  case  and 
sets  the  variables  in  the  program  to  the  values  required  to  run  the 
case. 


This  routine  is  the  longest  and  one  of  the  most  complex  in 
the  COPE  model.  It  is  most  easily  followed  by  means  of  a  flowchart 
(see  Chapter  11);  however,  an  attempt  to  sketch  its  main  sections  is 
given  here. 

(1)  First,  the  routine  checks  to  determine  whether  there  is 
another  case  to  read.  If  not,  it  stops.  If  there  is  more  to  read,  the 
routine  first  sets  IRAY  and  calls  SYSTEMC  to  establish  non-standard 
error  recovery.  Then  it  clears  various  arrays  and  counters  and  increments 
the  case  number. 

(2)  Next  it  reads  input  cards  until  it  encounters  an  END, 

ENDF,  or  end-of-file.  For  each  card  that  it  reads,  it  first  checks 
whether  that  card  is  a  comment  card;  if  it  is,  subroutine  COMMNT  is 
called  and  the  next  card  is  read.  If  the  card  is  not  a  comment,  the 
routine  calls  SEPREC  which  separates  the  fields  on  the  input  card  and 
moves  each  of  them  into  a  line  of  the  B  array.  Then  subroutine  FINDIT 
is  called  to  match  each  line  in  the  B  array  against  the  keywords  and 
option  words  allowed  in  that  field.  This  matching  determines  the 

val ues  of  the  IT  array. 

The  program  next  checks  to  see  whether  the  current  card  supersedes 
some  of  the  previous  cards  for  the  current  case.  If  it  does,  a  comment 
is  generated;  in  either  case,  the  routine  next  branches  to  one  of  five 
statements  depending  on  whether  the  card  is  a  FIRST  CASE,  NEXT  CASE, 

END,  ENDF,  or  any  other  card,  respectively.  If  the  card  is  an  END  or 
ENDF,  control  transfers  to  statement  490  (see  below).  If  the  card  is  a 
NEXT  CASE,  RD  (or  equivalent),  USET  is  called  to  establish  the  default 
values  as  the  base  to  which  changes  caused  by  the  input  cards  are  to  be 
applied;  if  the  card  is  NEXT  CASE,  DR,  then  USET  is  not  called  and  the 
changes  caused  by  the  input  cards  are  applied  to  the  conditions  in  effect 
for  the  previous  case.  Either  type  of  NEXT  CASE  (or  FIRST  CASE)  causes 
control  to  then  read  the  next  card.  If  the  card  is  not  an  END,  ENDF, 
NEXTCASE,  or  FIRST  CASE,  then  control  reaches  statement  200. 
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At  Statement  200,  a  many  branched  computed  GO  TO  is  executed; 
tlie  branch  followed  depends  on  the  keyword  number  (ITl  or  IT(1)).  The 
actions  taken  for  each  case  of  the  computed  GO  TO  are  varied  but  the 
main  activities  are  to  fill  the  UVALUE  array  with  either  numerical  values, 
record  names,  or  flag  values.  If  the  keyword  was  TEMPORARY,  CREAD  is 
called;  if  OVERRIDE,  the  record  name  is  set;  and  if  RESET,  the  default 
for  that  keyword  is  reactivated.  Each  case  of  the  computed  GO  TO  ends 
with  a  GO  TO  returning  control  to  the  line  that  reads  the  next  input 
card. 


(3)  At  line  490  the  routine  starts  filling  in  the  values  of 
the  various  parameters  that  describe  the  current  case  (flags,  arrays, 
single  variables,  etc.).  These  are  generally  filled  in  by  calls  to 
READMS  to  read  records  to  fill  in  data  blocks  (record  names  as  established 
when  filling  inUVALUE  array),  by  equating  variables  to  UVALUE  numerical 
values,  by  looking  up  values  in  pre-defined  arrays  according  to  a  subscript 
value  in  UVALUE  array,  by  calling  a  special  subroutine  (in  the  case  of 
PEDATA)  to  generate  a  record  name  and  then  reading  that  record  from  TAPE  11 
into  the  data  block,  or  by  calling  special  routines  (such  as  PSMOKE) 

that  use  inputs  to  calculate  a  parameter  value.  In  any  event,  by  the 
end  of  INPUT  all  variables  required  to  run  the  case  have  been  set  and 
the  replications  can  begin. 

(4)  INPUT  finishes  by  calling  HEADER  and  ECHO  and  then  returning. 

9.29  LOSCHK  Subroutine. 

This  subroutine  is  used  to  determine  whether  the  DO  still  has 
(macro-terrain)  LOS  to  the  target  v/hen  the  round  arrives  (test  12). 

It  performs  the  test  in  two  different  ways  depending  on  the 
LOS  model  used. 

For  "shooting  gallery",  it  merely  canpares  the  time  the  round 
arrives  with  the  duration  of  the  1 ine-of-sight.  If  the  round  arrives 
before  the  1 i ne-of-sight  ends,  a  return  is  executed;  if  the  LOS  ends 
before  the  round  arrives,  ABRTTL  is  called  prior  to  the  return. 

For  the  "random  occurrence"  LOS  model,  the  probability  P  of 
LOS  to  a  single  vehicle  in  the  current  designator-to-target  range  bracket 
is  found.  The  probability  that  at  least  one  vehicle  is  in  view  is  then 
taken  to  be  equal  to  1-(1-P)**XNV  where  XNV  is  the  number  of  target 
vehicles  currently  unkilled.  Once  this  probability  is  obtained,  it  is 
compared  to  a  random  number  and  the  result  settles  test  12.  If  test  12 
is  passed,  a  return  occurs;  if  it  is  false,  ABRTTL  is  called^then  a 
return  occurs. 
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9.30  MI NTRN  Subroutine. 


This  subroutine  performs  test  16  and  sets  target  posture 
(exposure)  with  respect  to  mini -terrain. 

First  the  current  designator-to-target  range  is  computed. 

Then  this  range  is  used  to  interpolate  in  each  of  the  three  rows  of 
the  PSTTBL  array.  As  a  result  of  this  interpolation  the  PSTVAL  array 
is  filled  with  the  probabilities  of  completely  obscured  target  posture, 
fully  exposed  target  posture,  and  hull  defilade  (turret  exposed)  target 
posture  respectively. 


A  random  number  is  then  drawn  and  compared  to  these  proba¬ 
bilities  to  determine  which  of  the  three  target  postures  occurs.  If  the 
target  posture  is  "completely  obscured",  then  test  16  is  fail.od,  ABRTTL 
is  called,  and  a  return  occurs;  otherwise,  ITGTPS  is  set  to  indicate  the 
target  posture  (1  for  fully  exposed;  2  for  hull  defilade)  to  be  used  in 
hit  and  kill  probability  tests  and  a  return  occurs. 


9.31  NOREC  Subroutine. 

This  routine  is  called  indirectly  through  the  CDC  non-stand¬ 
ard  error  recovery  facility  (SYSTEMC  routine  explained  in  CDC  Fortran 
4  Extended)  It  is  called  whenever  READMS  attempts  to  read  a  record 
from  TAPE’~11  using  a  record  name  that  does  not  correspond  to  any  of  the 
records  on  TAPE  11. 

The  routine  writes  a  message  giving  the  record  name  that 
could  not  be  found,  executes  a  subroutine  call  trace  and  then  executes  a 
stop  with  message. 

9.32  OUTPUT  Subroutine. 

This  subroutine  writes  the  results  page  for  each  case. 

The  routine  begins  by  clearing  several  arrays. 

Next,  it  calculates  the  percentage  of  total  missions  that  have 
a  failure  (abort)  at  each  test  (for  "round"  aborts,  this  percentage  is 
calculated  for  each  round).  This  is  the  ABRPCT  array. 

Then  it  calculates  what  percentage  of  the  missions  that  reached 
a  given  test  passed  it.  Again  this  is  calculated  for  each  round  for  the 
"round"  aborts.  This  is  the  PASPCT  array. 

Next  the  program  sets  the  number  of  occasions,  attempted 
engagements,  and  shots. 

Then  it  compares  the  number  of  kills  as  calculated  by  two 
different  counters  and,  if  there  is  a  disagreement  in  value  between 
them,  it  prints  a  message  (see  Section  7.3.1). 
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Next,  it  calculates  the  probability  of  kill  given  an  occasion, 
the  probability  of  kill  given  an  attempted  engagement,  and  the  probability 
of  kill  given  a  shot.  These  are  calculated  separately  for  each  round  of 
the  mission. 

Then  it  calculates  the  probability  of  a  shot  given  an  occasion, 
probability  of  a  shot  given  an  attempted  engagement,  and  probability  of 
attempted  engagement  given  a  shot.  It  also  calculates  the  probability 
of  having  1 i ne-of-sight  on  each  round. 

Next  it  compares  the  number  of  missions  (or  rounds,  as  appropriate) 
tested  for  each  abort  condition  as  computed  in  two  different  ways.  If 
the  results  differ  an  error  message  is  generated  (see  section  7.3.2). 

Then  the  program  calculates  the  FO  (DO)  survivability  measures; 
that  is,  probability  DO  is  killed  and  probability  DO  is  not  killed  given 
that  the  mission  reached  that  test. 

Now  that  all  of  the  values  to  be  printed  on  the  results  page 
have  been  calculated  the  routine  proceeds  to  print  the  results  in  the 
order  they  appear  on  the  case  results  page  (see  Chapter  6). 

Note  that  prior  to  printing  percentages,  function  FPRCNT  is 
applied  to  format  the  percentages  for  output.  Also  note  that  any 
percentage  valued  variables  with  the  value  -1.0  are  printed  as  "UNDEF" 
indicating  undefined  value  (this  occurs  when  the  percentage  could  not 
be  calculated  due  to  a  zero  denominator.  It  is  for  this  reason  that 
all  percentage  valued  variables  in  OUTPUT  are  initialized  at  -1.0  and 
then  only  assigned  values  if  the  ratio  used  in  computing  the  percent¬ 
age  has  non-zero  denominator). 

9.33  PECHK  Subroutine. 

This  subroutine  performs  test  17  (i.e.,  does  COPPERHEAD  round 
engage  the  target?) 

First  it  calculates  the  delay  time  (DELTAT)  for  the  current 
round.  By  delay  time  is  meant  the  time  the  round  arrives  minus  the 
expected  arrival  time  (which  is  based  on  nominal  response  time).  Next 
the  value  of  IMUTS  (the_"MUTS"  factor  —  see  Section  16.1)  is  determined 
and  the  range  value  indices  to  be  used  for  interpolation  are  set. 

If  IMUTS  is  2,  it  means  that  not  all  vehicles  in  the  target 
column  have  passed  the  point  of  closest  approach  to  the  centroid  of  the 
COPPERHEAD  footprint.  That  is,  delay  has  no  effect  and  so  PE  is  computed 
by  interpolating  with  respect  to  designator-target  range  alone  in  the 
PETBL  array  (using  delay  time  equal  to  zero  (IDELTT=1)  and  holding  cloud 
ceiling  and  visibility  limit  constant  at  their  previously  sampled  values 
(obtained  in  GETVIS)). 
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If  IMUTS  is  1,  it  means  that  all  vehicles  in  the  column 

have  passed  the  point  of  closest  approach  to  the  centroid  of  the  COPPERHEAD 
footprint.  That  is,  delay  time  has  an  effect  and  so  PE  is  computed  by 
interpolating  with  respect  to  both  designator-target  range  and  delay 
time  while  holding  cloud  ceiling  and  visibility  limit  constant. 

In  either  case,  once  PE  (probability  that  seeker  engages  target 
and  target  is  within  Copperhead  maneuver  footprint)  is  computed,  it  is 
compared  to  a  random  number  sampled  from  a  uniform  distribuoion 
to  1).  If  the  random  number  is  less  than  PE,  a  return  occurs;  otherwise, 

ABRTTL  is  called  before  the  return  occurs. 

9.34  RENAME  Subroutine  and  PEIDNT  Entry. 

This  subroutine  takes  ten  arguments.  When  the  call  j's  to 
RENAME  the  first  nine  are  "input"  and  the  last  one  is  "result  ;  whereas^ 
a  call  to  PEIDNT  uses  the  current  value  of  the  tenth  argument  as  input 
and  returns  the  values  for  the  other  nine. 

This  subroutine  is  used  to  create  PE  data  record  names.  The 
values  of  the  nine  parameters  (see  section  5.4)  are  taken  as  arguments 
(in  the  same  order  they  are  described  in  section  5.4).  They  are  |o^ded 
into  the  AVALUE  array  and  are  searched  for  in  the  XVALUE  array,  ^^en 
matches  are  found,  the  corresponding  XVALUE  entries  (for  XVALUE  (I, J, 2)) 
are  used  to  construct  the  record  name  which  is  returned  as  IDCODL. 

When  PEIDNT  is  called,  the  record  name  is  decomposed  into  the 
separate  XVALUE  (I,J,2)  values  (and  TR  value)  used  to  create  it.  The 
corresponding  XVALUE  (I,J,1)  values  are  found  and  equated  to  the  nine 
parameters  (note  slightly  different  handling  of  TR,  nominal  response 
time).  These  values  are  then  returned. 

Note  that  while  every  choice  of  the  nine  parameters  can  give 
at  most  one  record  name,  there  may  be  more  than  one  choice  of  param¬ 
eters  that  can  give  that  record  name.  For  example,  if  all  parameters 
are  held  constant  except  target  velocity  (VEL),  then  VEL  -  ^  m/s  and 
VEL  =  3  m/s  will  give  the  same  record  name  (using  the  current  XVALUE 
array).  Hence,  when  that  record  name  is  decoded  by  PEIDNT  to  obtain _ 
the  parameters  to  which  it  corresponds,  it  will  have  no  way  of  choosing 
between  2  m/s  and  3  m/s  for  VEL;  instead  it  will  merely  take  the  first 
one  that  matches  (2  m/s  in  this  case). 


9.35  PKCHK  Subroutine. 

This  subroutine  performs  test  19  (i.e.,  did  the  COPPERHEAD 
kill  the  target?) 

The  routine  looks  up  the  PK  (probability  of  kill  given  a 
hit)  in  an  array  as  a  function  of  target  type  and  target  posture  (ex¬ 
posure).  This  value  is  then  compared  to  a  random  number  sampled  from 
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a  uniform  distribution  (from  0  to  1).  If  the  random  number  is  less 
than  PK,  then  a  kill  occurs,  the  number  of  vehicles  killed  on  the 
KRFth  round  for  this  case  (RNDREC)  is  incremented,  the  number  of  ve¬ 
hicles  killed  (NVEHKL)  on  this  replication  is  incremented  and  a 
return  occurs.  If  not,  ABRTTL  is  called  and  then  the  return  occurs. 

9.36  PPLOT  Subroutine. 

This  subroutine  is  currently  just  a  "stub"  that  producess  a 
"$$"  program  generated  comment  saying  that  no  printer  plot  was  produced 
for  the  current  case. 


If  implemented,  this  routine  would  produce  printer  plots 
(bar  graphs)  giving  a  graphical  presentation  of  case  results. 

9.37  PSMOKE  Subroutine. 

This  routine  calculates  the  probability  that  smoke  aborts 
the  potential  COPPERHEAD  mission.  This  probability  is  a  function  of 
the  number  of  each  of  two  types  of  smoke  rounds  fired  (NSMK2  and  NSMK5) 
and  the  distribution  of  Pasquill  atmospheric  stability  categories, 
distribution  of  wind  speed  velocities,  and  distribution  of  relative 
humidity  levels  corresponding  to  the  current  case's  weather  (i.e. ,  month 
and  time  of  day). 

The  entire  routine  reduces  to  evaluating  PSMKKL  (probability 
smoke  kills  mission)  according  to  the  formula: 


PSMKLL  = 


3  3  2 

FRWIZI 

1=1  J=1  K=1 


1 


MIN 


f  N$MK2  ,  NSMK5 
^SMK2(I,J,K)  SMK5(I,J,K), 


FRONT 


WNDSPD(I,J)  *  HUMID(K)  *  [PASQL(2*I-1 )  +  PASQL(2*I)]j 


) 


where  all  of  the  variables  are  as  defined  in  the  Glossary  of  Variables 
(Chapter  12). 


Note  that  because  certain  combinations  of  windspeed  and 
Pasquill  category  never  occur,  the  SMK2(I,J,K)  and  SMK5(I,J,K)  values' 
corresponding  to  them  have  been  left  blank  (i.e.,  equated  to  zero).  To 
avoid  the  division  by  zero  that  would  otherwise  result,  the  range  of  J 
in  the  summation  is  sometimes  limited  in  the  routine  to  avoid  certain 
SMK2  and  SMK5  values  which  should  have  no  weight  in  the  sum  anyway. 

9.38  REINTZ  Subroutine. 

This  subroutine  resets  certain  counter  arrays  to  zero.  It 
also  resets  the  random  number  seeds  for  each  case  and  on  the  first 
case  it  writes  the  seeds  on  Tape  8. 
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Note  that  the  seeds  are  set  according  to  the  formula: 
IR(I)  =  2*(M0D(8**U  29)  *2**25/29)  +  1 


for  I  =  1,2,...,  28. 

This  assures  that  each  IR  is  odd  and  that  the  IR‘s  are 
approximately  uniformly  spaced  between  0  and  2  . 

9.39  RNDREL  Subroutine. 

This  subroutine  performs  the  test  of  round  reliability 

(test  15). 


9.40  RNGCHK  Subroutine. 

This  subroutine  performs  test  3. 

It  compares  designator-to-target  range  at  to  ‘he  maximum 

desianator  range.  If  the  maximum  designator  range  is  less  .  . 

te!gSa(orTo-?arget  range,  ABRTTL  is  called  and  a  return  occurs;  otherwise. 

the  test  is  passed  and  a  return  occurs. 


q.4l  3EPREC  Subroutine. 

This  subroutine  takes  a  real  array  A  of  dimension  N1  and  breaks 
it  up  into  fields  (i.e.,  separates  records)  and  compresses  them  one  pe 
line  into  the  B  array  which  is  of  dimension  N2  by  N3. 

The  routine  first  clears  several  arrays  to  be  used  in  separating 

the  fields  on  A.  Then  it  calls  IDCHAR  once  for  each  element  of  A  to 

determine  what  kind  of  character  it  is.  A  is  assumed  to  be  an  ar  ^ 
(usually  DIMENSION  A(80))  of  characters  filled  by  reading  one  input  car 

under  80A1  format. 

If  the  routine  encounters  sequence  numbers  in  columns  73-78 
of  the  first  card  (i.e.,  elements  73-78  of  array  A)  and  b  anks  i n  63-72 
flnri  79  80  then  it  issues  a  "$$$"  comment  (see  section  7.1)  and  removes 

The  se^e^ce  rumber^^n  ?he  first  card  and  all  subsequent  cards  A  arrays) 

of  the  current  run.  If  it  encounters  something  other 
and  sequence  numbers  as  described  above  in  columns  63-80  of  the  firs 
card,  then  it  leaves  columns  73-78  unchanged  on  all  cards  of  the  current 

run. 

Next  the  program  separates  the  fields  on  the  card  (i.e.,  in 
A)  and  compresses  them^■nto  B.  It  does  this  by  copying  one  character 
at  a  time  from  A  to  PB  omitting  blanks  (except  when  part  of  a  ten 
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character  string  preceded  by  a  "$"  sign)  and  starting  a  new  line  of  PB 
every  time  a  separator  (comma,  left  or  right  parenthesis,  question 
mark,  or  slash)  is  encountered.  It  then  encodes  each  line  of  PB  into 
a  line  of  B  so  that  each  element  of  B  contains  up  to  ten  characters. 

This  means  that  B(I,J)  for  I  =  1,2,. ..,8  contains  the 
characters  of  the  Jth  field  of  the  input  card  compressed  by  removing 
blanks  (with  the  exception  noted)  and  packed  ten  characters  per  word 
(until  the  characters  run  out). 

A  return  now  occurs  with  the  B  array  filled  with  the  char¬ 
acter  strings  to  be  compared  to  the  keywords  and  option  words  allowed. 

Note  that  an  input  card  cannot  have  more  than  ten  fields  nor 
fewer  than  one.  A  field  on  an  input  card  (or  in  A)  is  defined  as  a 
string  of  characters  lying  between  two  successive  separators  where  for 
this  definition  we  include  the  beginning  of  the  card  and  the  end  of  the 
card  as  separators  and  do  not  count  characters  that  would  otherwise  be 
separators  if  they  lie  in  a  ten  character  string  following  a  dollar 
sign.  (The  normal  separators  are  mentioned  above  in  this  section). 

9.42  SMOKE  Subroutine. 

It  compares  the  value  of  PSMKKL  calculated  in  PSMOKE  with  a 
random  number  sampled  from  a  uniform  distribution  to  determine  whether 
smoke  was  sufficient  to  abort  the  potential  Copperhead  mission.  As 
usual,  if  an  abort  occurs,  ABRTTL  is  called  prior  to  returning;  other¬ 
wise,  an  immediate  return  occurs. 

9.43  SMPLCD  Subroutine. 

This  subroutine  randomly  samples  from  a  cummulative  distri¬ 
bution.  As  arguments,  it  takes  an  array  A,  its  dimensions  NDl,  ND2,  the 
row  number  NRS  containing  the  values  to  be  sampled,  the  number  of  entries 
NDR  used  in  the  row  (NDR  _<  NDl),  and  the  random  number  seed  IRNDM.  It 
returns  the  value  sampled  XSMPL  and  the  class  ICLASS  in  which  it  falls. 

This  routine  requires  an  array  A  with  A(I,1)  for  I  =  1,2,., 

NDR  _<  NDl  consisting  of  probabilities  A(l,l)  =  0.0  ^  A(2,l)  _<  ...  A(NDR,1) 
=  1.0.  The  routine  samples  a  random  number  RN  from  a  uniform  distribution 
(from  0  to  1)  and  then  brackets  this  number  with  two  entries  from  A(I,1) 
such  that  A(I,1)  ^  RN  _<  A(I+1,1). 

The  corresponding  entries  A(I,NRS)  and  A(I+1,NRS)  from  the 
NRSth  row  of  A  are  obtained.  The  value  sampled  XSMPL  is  then  defined 
by  straight  line  interpolation,  (i.e. ,  XSMPL  is  defined  so  that  the 
point  (RN,  XSMPL)  lies  on  the  line  segment  joining  (A(I.1)>  A(I,NRS)) 
to  (A(I+1,1),  A(I+1,NRS))). 

Put  in  terms  of  a  formula,  that  means: 

XSMPL  =  A(I,NRS)  +  (RN-A(I,1))*(A(I+1,NRS)-A(I,NRS))/(A(I+1,1)  -A(I,1)). 
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sampl i ng. 


ICLASS  is  then  defined  to  be  equal  to  I  and  a  return  occurs. 
Mote  that  A  defines  a  cummulative  distribution.  That  is,  when 


Pr(XSMPL  ^  A(I,NRS))  =  A(I,1)  for  I  =  1,2,...,NDR. 

Hence,  the  user  must  take  care  to  use  only  cummulative  distributions 
for  the  input  data  that  will  eventually  be  sampled. 

9.44  TIMCHK  Subroutine. 

This  subroutine  performs  test  11  (i.e. ,  does  the  DO  still 
have  line-of-sight  to  the  target  when  the  battery  is  ready  to  fire?) 

It  is  called  only  for  the  "shooting  gallery"  LOS  model. 

9.45  TITLE  Subroutine. 

This  routine  merely  writes  the  Title  page  of  the  output  (see 
Chapter  6).  It  also  sets  the  date  and  time  that  the  current  run  began. 

9.46  USET  Subroutine. 

This  subroutine  is  called  when  the  next  case  to  be  run  is  to 
use  the  baseline  (default)  values  of  the  case  parameters  as  the  base 
to  which  its  own  input  cards  are  to  be  applied. 

The  routine  sets  the  UVALDE  common  block  and  a  few  other 
variables  to  their  default  values.  Whatever  inputs  the  next  case  then 
contains  are  applied  to  changing  these  variables  from  their  defaults 
rather  than  from  the  previous  cases  values. 

9.47  VISCHK  Subroutine. 

This  subroutine  performs  test  2. 

It  compares  designator-to-target  range  at  unmask  to  the  visibility 
range  limit.  If  the  visibility  range  limit  is  less  than  the  designator- 
to-target  range,  ABRTTL  is  called  and  a  return  occurs;  otherwise,  the 
test  is  passed  and  a  return  occurs. 

9.48  WARNDO  Subroutine. 

This  subroutine  performs  test  13. 

If  the  current  round  is  the  first  of  this  COPPERHEAD  mis¬ 
sion,  then  a  random  number  is  sampled  from  a  uniform  distribution  and 
compared  to  the  probability  that  DO  is  warned  to  lase  to  determine  whether 
the  DO  received  the  message  to  begin  lasing.  If  he  did  receive  the 
message,  the  test  is  passed  and  a  return  occurs;  if  not,  ABRTTL  is  called 
prior  to  returning. 

If  the  current  round  is  not  the  first  round  of  this  COPPERHEAD 
fire  mission,  then  DO  is  assumed  to  have  been  warned  either  by  communication 
or  by  sighting  the  impact  of  the  first  round  and,  in  either  case,  turns 
on  his  laser  so  test  13  is  passed  and  a  return  occurs. 
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CHAPTER  10 


10.  MEMORY  ORGANIZATION:  COMMON  BLOCKS  AND  EQUIVALENCE  CLASSES 

10.1  Common  Blocks. 

This  chapter  describes  the  common  blocks  and  equivalence  classes 
in  COPE.  This  organization  of  the  values  stored  in  memory  is  a  matter  of 
some  importance  to  anyone  attempting  to  modify  the  program. 

Tables  10-1  and  10-2  give,  respectively,  a  list  of  the  common 
blocks  in  each  subprogram  of  COPE  and  a  list  of  the  subroutines  in  which 
each  common  block  occurs. 

10.2  Equivalence  Classes. 

Table  10-3  gives  the  equivalence  classes.  There  are  twelve 
equivalence  classes  used  in  COPE  (some  are  used  in  more  than  one  subroutine). 
The  equivalence  classes  are  described  below  in  alphabetical  order  of  the 
names  of  their  first  items.  Eight  of  the  twelve  equivalence  classes  are 
the  eight  data  blocks  referred  in  Section  4.5.1.: 

ACQDAT  is  the  Acquisition  Range  data  block, 

AINVDA  is  the  Invariant  data  block, 

DFSDAT  is  the  Direct  Fire  Suppression  data  block, 

PEDATA  is  the  Probability  of  Engagement  data  block, 

STDAT  is  the  Target  Posture  Distribution  data  block, 

RODATA  is  the  Random  Occurrence  data  block, 

RSPDAT  is  the  Response  Time  data  block,  and 
WDATA  is  the  Weather  data  block. 

These  data  block  equivalence  classes  (along  with  a  MAX  equivalence 
class  which  has  nothing  to  do  with  COPE's  use  of  PREPMS)  are  also  present 
in  the  PREPMS  program. 

Each  equivalence  class  is  formed  by  an  equivalence  statement 
establishing  that  one  array  or  non-subscripted  variable  occupies  the  same 
memory  locations  as  a  set  of  one  or  more  other  arrays  or  non-subscripted 
variables.  In  each  case  the  one  array  or  non-subscripted  variable  (after 
which  the  equivalence  class  is  named  in  Table  10-3)  occupies  all  of  the 
computer  memory  used  by  that  equivalence  class  and  so  is  dimensioned  with  a 
value  equal  to  the  entire  length  of  the  equivalence  class  (if  the  length  is 
1,  then  the  equivalence  class  occupies  but  one  word  of  computer  memory  and 
the  class  is  named  after  a  non-subscripted  variable). 

In  Table  10-3,  the  information  about  each  equivalence  class  is 
separated  by  dashed  lines  and  is  read  as  follows: 

The  first  entry  on  the  left  gives  the  name  of  the  equivalence 

class. 
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The  next  entry  (length)  gives  the  length  of  the  equivalence  class 
in  terms  of  the  words  of  computer  memory  occupied  by  the  members  of  the 
equivalence  class.  This  length  is  also  the  dimension  of  the  array  (or  non- 
subscripted  variable  if  length  is  one)  in  the  first  entry. 

The  entries  under  "MEMBERS"  give  bias,  name,  and  length  of  each 
member.  That  is,  for  each  member  (variable)  of  the  equivalence  class  (other 
than  the  member  in  the  first  entry  above)  there  are  three  items  given: 
first  the  bias  or  number  of  words  preceding  the  variable  in  that  equivalence 
class  in  computer  memory  space,  second  the  variable  (or  array)  name,  and 
third  the  length  of  the  array  (or  non-subscripted  variable)  in  terms  of 
computer  words  (one  for  non-subscripted  variables). 

Note  that  for  each  equivalence  class,  the  memory  space  occupied 
is  part  (or  all)  of  some  common  block.  This  correspondence  is  as  follows: 

ACQDAT  is  in  the  RNGLOS  common  block, 

AINVDA  is  in  the  HIT  common  block, 

D  is  in  the  DVALUE  common  block, 

DFSDAT  is  in  the  DODF  common  block, 

ICODE  is  in  the  ICODE  common  block, 

PEDATA  is  in  the  HIT  carimon  block, 

PSTDAT  is  in  the  HIT  common  block, 

RECODE  is  in  the  RECNAM  common  block, 

RODATA  is  in  the  RANDOC  common  block, 

RSPOAT  is  in  the  RSPTIM  common  block, 

U  is  in  the  UVALUE  common  block,  and 
WDATA  is  in  the  WEATHR  common  block. 

Also,  note  that  the  variables  in  an  equivalence  class  may  be  used 
(under  their  names  in  the  COMMON  statements)  in  subprograms  other  than 
those  in  which  the  equivalence  class  is  defined. 
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TABLE  10-1  COMMON  BLOCKS  IN  EACH  SUBPROGRAM  OF  THE  COPE  PROGRAM 


SUBPROGRAM 

COMMON 

BLOCKS 

AERTTL, 

ABORT 

FLAG 

RPLCTN 

ADDTBR 

TIME 

ADDTOF 

TIME 

ARTCHK 

KTEST 

MISC 

RANDOM 

RPLCTN 

EDATAl 

AERLEL 

LOGFLG 

ACHAR 

POINT 

DESRNG 

SMOKED 

DISPLY 

STITLE 

FLTTIM 

SYMBOL 

FSRESP 

X VALUE 

BLOCHK 

BAIL 

KTEST 

RANGE 

RPLCTN 

TARGET 

TIME 

CCPLOT 

RUNDAT 

CO MM NT 

COMENT 

COPE 

AERLEL 

FLTTIM 

SMOKED 

ACHAR 

FSRESP 

STITLE 

BAIL 

HEADNG 

SYMBOL 

DESRNG 

LOGFLG 

TIME 

DISPLY 

POINT 

X.  VALUE. 

DODF 

RPLCTN 

CREAD 

DODF 

HIT 

RANDOC 

RNGLOS 

RSPTIM 

WEATHR 

DETCTN 

FLAG 

KTEST 

RANDOM 

RPLCTN 

RSPTIM 

TIME 

D FAULT 

DVALUE 

RUNDAT 

DFCHK 

DODF 

WEATHR 

KTEST 

RANDOM 

RANGE 

RPLCTN 

TARGET 

DUST 

KTEST 

MISC 

RANDOM 

RPLCTN 

ECHO 

BAIL 

PEDESC 

RUNDAT 

DODF 

RANDOC 

SMOKED 

FLAG 

RANGE 

TARGET 

HIT 

RECNAM 

TIME 

LOGFLG 

RNGLOS 

WEATHR 

MISC 

RPLCTN 

FIND  IT 

ACHAR 

I  CODE 

INDEX  1 

RUNDAT 

SYMBOL 

GETRNG 

RANDOM 

RANGE 

RNGLOS 

RPLCTN 

TARGET 

TIME 

GETTIM 

FLAG 

TIME 

FSRESP 

KTEST 

LOGFLG 

RANDOM 

RPLCTN 

GETVIS 

RANDOM 

RANGE 

RPLCTN 

WEATHR 

HEADER 

BAIL 

OVER 

SMOKED 

COMENT 

PEDESC 

SYMBOL 

DISPLY 

RANGE 

TARGET 

FLAG 

RECNAM 

TIME 

HEADNG 

RPLCTN 

U VALUE 

LOGFLG 

RSPTIM 

HITCHK 

HIT 

TIME 

KTEST 

RANDOM 

RANGE 

RPLCTN 

RSPTIM. 

IDCHAR 

SYMBOL 

I 


HflADNG 


FLAG 

RUNDAT 


TIME 


OVER 

RSPTIM 

WEATHR 

RSPTIM 

MISC 

Rl.lNDAT 


TARGET 
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TABLE  10-1  COMMON  BLOCKS  IN  EACH  SUBPROGRAM  OF  THE  COPE  PROGRAM  -  CONTINUED 


SUBPROGRAM 

COMMON 

BLOCKS 

INITLZ 

ABORT 

U VALUE 

ACHAR 

DVALUE 

FLAG 

ICODE 

INDEX! 

RUNDAT 

INPUT 

ABORT 

BAIL 

coment 

DESRNG 

D I SPL  Y 

DODF 

DVALUE 

n,  AG 

flttim 

hit 

ICODE 

INDEX  1, 

LOGFLG 

MI  SC 

OVER 

RED esc 

point 

RANDOC 

RANDOM 

RANGE 

RECWAM 

RNGLOS 

RPLCTN 

RSPTIM 

RUNDAT 

SMOKED 

symbol 

target 

TIME 

U VALUE 

WEATHR 

I...OSCHK 

FLAG 

KTEST 

RANDOC 

RANDOM 

RANGE 

RPLCTN 

TARGET 

TIME 

MINTRIM 

1-:  I  T 

KTEST 

RfANDuM 

RANGE 

RPLCTN 

TARGET 

TIME 

NOREC 

ICOBE 

nuhric 

SYMBOL 

OUTPUT 

ABORT 

SCCSS 

abrlel 

DO  DP 

FLAG 

KTEST 

RPLCTN 

RUNDAT 

PECHK 

FLAG 

hit 

KTEST 

RANDOM 

RANGE 

RPLCTN 

RSPTIM 

TARGET 

time 

WEATHR 

RENAME 

X VALUE 

PKCHK 

HIT 

KTEST 

RANDOM 

RPLCTN 

SCCSS 

TARGET 

PPL..OT 

RUNDAT 

P SMOKE 

SMOKED 

weathr 

REINTZ 

ABORT 

KTEST 

R  A  r*!  D  U  V'. 

RPLCTN 

r  r.  s 

RNDREL 

KTEST 

MI  SC 

RANDOM 

RPLCTN 

RNGCHK 

KTEST 

RANGE 

RPLCTN 

o  E:  i-'  H  £  L' 

CO ME NT 

L.OGFLG 

symbol 

SMOKE 

KTEST 

RANDOM 

RPLCTN 

SMOKED 

WEATHR 

TIMCHK 

FLAG 

KTEST 

RPLCTN 

TIME 

TITLE 

R  D  H  T 

stitle 

USET 

D value 

logflg 

OVER 

UVALUE 

VISCHK 

L'  T  p  o:,  T 

RANGE 

RPLCTN 

WARNDO 

F  L-  A  G 

KTES-^ 

RANDOM 

RPLCTN 

RSPTIM 

T  IMF 
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table  10-2  SUBPROGRAMS  OF  COPE  IN  WHICH  EACH  COMMON  BLOCK  OCCURS 

C  D  M  I'l  0  N  y  L'  E)  P  R  0  G  R  A  fi  S 


ABORT 

AERTTL 

INITLZ 

INPUT 

OUTPUT 

REINTZ 

ABRLEL 

EDATAl 

OUTPUT 

ACHAR 

ED AT A 1 

FINDIT 

INITLZ 

BAIL 

BLOCHK 

COPE 

ECHO 

HEADER 

INPUT 

COME NT 

COMMNT 

HEADER 

INPUT 

SEPREC 

DESRNG 

EDATAl 

INPUT 

DISPLY 

EDATAl 

HEADER 

INPUT 

DODF 

COPE 

CREAD 

DFCHK 

ECHO 

INPUT 

OUTPUT 

D VALUE 

DFAULT 

INITLZ 

INPUT 

USET 

FLAG 

AERTTL 

INPUT 

COPE 

LOSCHK 

DETCTN 

OUTPUT 

ECHO 

PECHK 

GETTIM 

TIMCHK 

HEADER 

WARNDO 

FLTTIM 

EDATAl 

INPUT 

FSRE.-3P 

EDATAl 

GETTIM 

HE AON G 

EDATAl 

HEADER 

HIT 

CREAD 

ECHO 

HITCHK 

INPUT 

MINTRN 

PECHK 

ICODE 

FIND  IT 

INITLZ 

INPUT 

NOREC 

INDEX  1 

FIND  IT 

INITLZ 

INPUT 

KTEST 

ARTCHK 

LOSCHK 

RNGCHK 

BLOCHK 

MINTRN 

SMOKE 

DETCTN 

OUTPUT 

TIMCHK 

DFCHK 

PECHK 

VISCHK 

DUST 

PKCHK 

WARNDO 

GETTIM 

REINTZ 

LOGF1..G 

EDATAl 

ECHO 

GETTIM 

HEADER 

INPUT 

SEPREC 

HI  SC 

ARTCHK 

DUST 

ECHO 

HEADER 

INPUT 

RNDREL 

OVER 

ECHO 

HEADER 

INPUT 

USET 

PEDES C 

ECHO 

HEADER 

INPUT 

POINT 

EDATAl 

INPUT 

RANDOC 

CREAD 

ECHO 

INPUT 

LOSCHK 

RANDOM 

ARTCHK 

HITCHK 

RNDREL 

DETCTN 

INPUT 

SMOKE 

DFCHK 

LOSCHK 

WARNDO 

DUST 

MINTRN 

GETRNG 

PECHK 

GETTIM 

PKCHK 

RANGE 

BLOCHK. 

INPUT 

DFCHK 

LOSCHK 

ECHO 

MINTRN 

GETRNG 

PECHK 

GETVIS 

RNGCHK 

HEADER 

VISCHK 

INITLZ 

PKCHK 

HITCHK 

RNDREL 

USET 


GETVI 
RE  I  NT 

HITCHK 
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TABLE  10-2  SUBPROGRAMS  OF  COPE  IN  WHICH  EACH  COMMON  BLOCK  OCCURS  -  CONT'D 


COMMON  SUBPROGRAMS 


RECNAM 

ECHO 

HEADER 

INPUT 

RNGLOS 

CREAD 

ECHO 

GETRNG 

INPUT 

RPLCTN 

ABRTTL 

ECHO 

LOSCHK 

RNGCHK 

ARTCHK 

GETRNG 

MINTRN 

SMOKE 

ELOCHK 

GETTIM 

OUTPUT 

TIMCHK 

COPE 

GETVIS 

PECHK 

VISCHK 

DETCTN 

HEADER 

PKCHK 

WARNDO 

DFCHK 

HITCHK 

REINTZ 

DUST 

INPUT 

RNDREL 

RSPTIM 

CREAD 

PECHK 

DETCTN 

WARNDO 

ECHO 

GETTIM 

HEADER 

HITCHK 

INPUT 

R UNO AT 

CCPLOT 

INPUT 

COPE 

OUTPUT 

DFAULT 

PPLOT 

ECHO 

TITLE 

FINDIT 

HEADER 

INITLZ 

SCCSS 

OUTPUT 

PKCHK 

REINTZ 

SMOKED 

EDATAl 

ECHO 

HEADER 

INPUT 

PSMOKE 

SMOKE 

STITLE 

BDATAl 

TITLE 

SYMBOL 

BDATAl 

FIND  IT 

HEADER 

IDCHAR 

INPUT 

NUMPIC 

SEPREC 

TARGET 

ELOCHK 

LOSCHK 

DFCHK 

MINTRN 

ECHO 

PECHK 

GETRNG 

PKCHK 

HEADER 

HITCHK 

INPUT 

TIME 

ADDTBR 

GETRNG 

PECHK 

ADDTOF 

GETTIM 

TIMCHK 

B1.0CHK 

HEADER 

WARNDO 

COPE 

HITCHK 

DETCTN 

INPUT 

DFCHK 

LOSCHK 

ECHO 

MINTRN 

U VALUE 

HEADER 

INITL.Z 

INPUT 

USET 

WEATHR 

CREAD 

PSMOKE 

DFCHK 

SMOKE 

ECHO 

GETRNG 

GETVIS 

INPUT 

PECHK 

X VALUE 

EDATAl 

RENAME 
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TABLE  10-3  COPE  EQUIVALENCE  CLASSES 


NAME 

MEMBERS 

(Name  of  First  Item) 

LENGTH 

Bias  - 

Name  - 

Length 

ACQDAT 

161 

0 

NRP 

1 

1 

NPP 

1 

2 

NRNGCL 

1 

3 

CRNGD 

22 

25 

SEGLOC 

121 

146 

RNGCLB 

11 

157 

VELTBL 

4 

(Occurs  in  subroutines 

CREAD  and  INPUT) 

AINVDA 

167 

0 

DLTT 

6 

6 

PKTBL 

20 

26 

NRNGTT 

1 

27 

RNGTTF 

20 

47 

TTF 

120 

(Occurs  in  subroutines 

CREAD  and  INPUT) 

D 

70 

0 

DVALUE 

70 

(Occurs  in  subroutine 

INPUT) 

DFSDAT 

31 

0 

DFDOKL 

30 

30 

NDFSP 

1 

(Occurs  in  subroutine 

CREAD  and  INPUT) 

I  CODE 

1 

0 

CODE 

1 

(Occurs  in  subroutines 

FINDIT,  INITLZ,  and 

INPUT) 

PEDATA 

4260 

0 

INDEX 

60 

60 

PETBL 

4200 

(Occurs  in  subroutines 

CREAD  and  INPUT) 
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TABLE  10-3  COPE  EQUIVALENCE  CLASSES  -  CONT'D 


NAME 

(Name  of  First  Item) 

LENGTH 

Bias 

MEMBERS 

Name 

Length 

PSTDAT 

41 

0 

NRMGPS 

1 

1 

RNGPST 

10 

n 

PSTTBL 

30 

(Occurs  in  subroutines 

CREAD  and  INPUT) 

RECODE 

8 

0 

WCODE 

1 

1 

ACCODE 

1 

2 

RSCODE 

1 

3 

OPCODE 

1 

4 

ROCODE 

1 

5 

PECODE 

1 

6 

PSCODE 

1 

7 

AICODE 

1 

(Occurs  in  subroutine 

(HEADER) 

RODATA 

22 

0 

TCRIT 

1 

1 

NPLOSR 

1 

2 

RNGPLS 

10 

12 

PRBLOS 

10 

(Occurs  in  subroutines 

CREAD  and  INPUT) 

RSPDAT 

49 

0 

BATRTM 

3 

3 

XMVADF 

2 

5 

DUMl 

1 

6 

BCSPTM 

4 

10 

XMTTIM 

4 

14 

TMEAN 

4 

18 

TSIGMA 

4 

22 

DETTMA 

20 

42 

NDT 

1 

43 

TRARRY 

6 

(Occurs  in  subroutines 

CREAD  and  INPUT) 

10-8 


NAME 

(Name  of  First  Item) 

U 

(Occurs  in  subroutines 

LENGTH 

Bias 

MEMBERS 

Name 

Length 

70 

HEADER  and  INPUT) 

0 

UVALUE 

70 

WDATA 

193 

0 

PROLOG 

1 

1 

PROFLS 

2 

3 

PRGOFL 

22 

25 

W 

132 

157 

VIS 

11 

168 

OLOUD 

6 

174 

NOG 

1 

175 

NVL 

1 

176 

PASQL 

6 

182 

WNDSPD 

9 

191 

HUMID 

2 

(Occurs  in  subroutines 

CREAD  and  INPUT) 
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CHAPTER  n 


1 1 .  FLOWCHARTS 

This  chapter  includes  flowcharts  of  the  COPE  main  program  and 
subroutine  INPUT.  Flowcharts  of  the  other  subroutines  are  not  included 
since  they  are  generally  simple  enough  to  understand  by  reading  the 
descriptions  in  chapter  9  and  studying  the  actual  program  code  with  the  aid 
of  the  glossary  of  variables  in  chapter  12. 

Several  conventions  are  observed  in  the  flowcharts.  First, 
connectors  on-page  are  indicated  by  circles  whereas  connectors  off-page  are 
indicated  by  pentagons.  Numbered  connectors  correspond  to  actual  statement 
numbers  in  the  program  code  whereas  letter  connectors  are  merely  flowcharting 
conveniences.  Each  STOP  block  in  the  flowchart  includes  the  section  number 
of  this  report  that  explains  that  stop. 

A  list  of  abbreviations  used  in  the  flow  charts  is  included  on 
the  next  page. 
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ABBREVIATIONS  USED  IN  FLOW  CHARTS 


acq 

Acquisi ti on 

OW 

Option  word 

CLGP 

COPPERHEAD 

param 

parameteri zed 

C.O. 

Completely  obscured 

pr 

priority 

comt 

comment 

prob 

probability 

des  i  g 

desi gnator 

rd(s ) 

round(s) 

DF 

direct  fire 

resp 

response 

dgt 

di  gi  tal 

R.N. 

random  number(s) 

D.O. 

designator  operator 

rng 

range 

F.E. 

fully  exposed 

SG 

shooting  gallery 

fn 

function 

smk 

smoke 

H.D. 

hull  defilade 

supp 

suppression 

hdng 

headi ng 

temp 

temporary 

KW 

keyword 

tgt 

target 

max 

maximum 

vel 

veloci ty 

mo 

month 

vis 

visibility 

msg 

message 

w/ 

wi  th 

msn 

mission 

# 

number 

no 

number 

nt 

ni  ght 

opt 

opti on 
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FIGURE  11-1  Flowchart  of  Main  Program  of  COPE  (Page  2  of  5) 
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FIGURE  11-2  Flowchart  of  Subroutine  INPUT  of  COPE  (Page  3  of  15) 
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FIGURE  11-2  Flowchart  of  Siibroutine  INPUT  of  COPE  (Page  15  of  15) 
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CHAPTER  12 


12.  GLOSSARY  OF  MAIN  COPE  PROGRAM  VARIABLES 

This  chapter  consists  of  a  glossary  of  variables  for  the  main 
COPE  program.  (Glossaries  for  the  PREPMS  and  PRBLOS  preprocessor  programs 
are  respectively,  included  in  sections  14.3  and  15.3.  No  glossary  is 
provided  in  this  report  for  the  PAM  preprocessor  program.) 

The  glossary  consists  of  an  alphabetical  list  of  the  variable 
names.  For  each  variable  name,  there  is  an  entry  giving  VARIABLE,  TYPE, 
COMMON  BLOCK,  UNITS,  and  DEFINITION. 

Under  the  VARIABLE  heading  is  the  variable  name  and,  if  the 
variable  is  an  array,  the  array  dimensions  are  given  in  parentheses  after 
the  name. 


Under  the  TYPE  column,  the  variable  type  is  given;  if  the  type  is 
omitted,  it  means  the  FORTRAN  type  default  is  in  effect  (i.e.,  a  variable 
beginning  with  letter  I,  J,  K,  L,  M,  or  N  is  integer  type  whereas  one 
beginning  with  any  other  letter  is  single  precision  real  type). 

Under  the  COMMON  BLOCK  column  is  the  name  of  the  common  block  (if 
any)  to  which  the  variable  belongs.  If  this  column  contains  "(LOCAL)",  it 
means  the  variable  is  a  local  variable;  if  it  contains  "(F.P.)",  it  means 
the  variable  is  a  formal  parameter  in  a  FUNCTION  or  SUBROUTINE. 

Under  the  UNITS  column  is  the  name  of  the  units  of  measure  in 
which  the  variable  is  to  be  given.  If  a  blank  occurs  in  this  column,  it 
means  that  the  variable  is  unitless. 

Finally,  under  the  DEFINITION  heading  is  a  brief  description  of 
the  variable. 
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A0UT(4,  40)  (LOCAL)  ARRAY  INTO  WHICH  THE  FIRST  COLUMN  OF  CASE  HEADING 

OUTPUT  BLOCKS  ARE  ENCODED  PRIOR  TO  BEING  PRINTED 
OUT  IN  SUBROUTINE  HEADER. 
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(LOCAL)  C(I)  IS  THE  ITH  CHARACTER  OF  AN  OPTION  WORD  THAT  IS  BEING 

CHECKED  TO  DETERMINE  WHETHER  IT  IS  NUMERIC.  (STORED  IN 
A1  FORMAT.) 


CHAR(10,  120)  ACHAR  CHAR(I,  J)  FOR  I>2  CONTAINS  CHARACTERS  1G*(I-3)+l  THROUGH 

10*(I-2)  OF  THE  JTH  KEYWORD  CHARACTER  STRING  IN  AlO  FORHAT. 
CHAR(1,  J)  IS  THE  KEYWORD  NUMBER  AND  CHAR(2,  J)  IS  THE 
NUMBER  OF  OPTION  WORD  CHARACTER  STRINGS  ALLOWED  WITH  JTH 
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DAT  RUNDAT  DATE  OF  RUN  FOR  CURRENT  COMPUTER  JOB.  (OBTAINED  FROM 

COMPUTER'S  INTERNAL  CALENDAR.) 
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idoloc  (local)  flag  to  indicate  designator  operator  location.  (ID0L0C=1 

INDICATES  vantage  POINT  LOCATION;  ID0L0C=2  INDICATES 
MANEUVER  UNIT  LOCATION). 

lOSGTP  RSPTIM  FLAG  TO  INDICATE  DESIGNATOR  TYPE.  (IDSGTP=1  INDICATES 

GLLD,  IDSGTP=2  INDICATES  MULE,  AND  IDSGTP=3  INDICATES  LTD). 


FORMAL  PARAMETER  INDICATING  DESIGNATOR  TYPE.  VALUES  OF  1 
AND  3  HAVE  SAME  MEANING  AS  FOR  THE  VARIABLE  IDSGTP. 
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INDEX(6,5,2)  HIT  INDEXING  ARRAY  FOR  REFERENCING  PETBL  ARRAY.  INOEX(I,J,K)  IS 

THE  NUMBER  OF  THE  RETBL  TO  BE  USED  FOR  CLOUD  CEILING  I, 
VISIBILITY  RANGE  J,  AND  IMUTS  VALUE  K. 
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ABORT  TEST  I  WAS  FAILED. 


NC(80)  (LOCAL)  NC(I)  IS  THE  NUMBER  INDICATING  WHICH  TYPE  OF  SYMBOL  THE  ITH 

CHARACTER  OF  THE  CURRENT  INPUT  LINE  IS.  (0  INDICATES  NUMERAL 
OR  MINUS  SIGN,  1  INDICATES  LETTER  OR  APOSTROPHE,  2  INDICATES 
DECIMAE  POINT,  3  INDICATES  BLANK,  4  INDICATES  SEPARATOR,  5 
INDICATES  A  DOLLAR  SIGN,  AND  6  INDICATES  ANY  OTHER  CHARACTER.) 
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NKILL(6)  (LOCAL)  NKILL(I)  IS  THE  NUMBER  OF  REPLICATIONS  IN  WHICH  THE  ITH 

ROUND  OF  THE  FIRE  MISSION  KILLED  A  VEHICLE  FOR  THE  CURRENT 
CASE. 
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(LOCAL)  LOWER  RANGE  PROBABILITY  OF  ENGAGEMENT  VALUE  WHEN  INTERPOLA¬ 

TING  WITH  RESPECT  TO  RANGE  IN  PROBABILITY  OF  ENGAGEMENT  DATA 
WITH  IMUTS=2. 
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PSTVAL(3)  (LOCAL)  PSTVAL(I)  IS  THE  PROBABILITY  THAT  THE  TARGET  IS  IN  POSTURE 

WHERE  1=1,2  AND  3  RESPECTIVELY  INDICATE  THAT  THE  TARGET  IS 
COMPLETELY  OBSCURED,  FULLY  EXPOSED,  AND  HULL  DEFILADE. 
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TIME  SECONDS  TIME  AT  WHICH  FIRST  ROUND  OF  THIS  REPLICATION  WILL  ARRIVE 
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(LOCAL)  SECONDS  FIRST  TIME  DELAY  COMPONENT  OF  DELTAT.  (ACCOUNTS  FOR  MULTIPLE 

VEHICLES  AND  MULTIPLE  ROUNDS).  ALSO,  NOMINAL  RESPONE  TIME 
VALUE  FOR  PRINTING  IN  COMMENT. 
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A  PROGRAM  GENERATED  COMMENT. 


Usmk(2)  UVALUE  USMK(1)  is  the  number  of  type  1  SMOKE  ROUNDS  USED. 

USMK(2)  IS  THE  NUMBER  OF  TYPE  2  SMOKE  ROUNDS  USED. 
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WDATA(193)  (LOCAL)  ARRAY  TO  WHICH  THE  ELEMENTS  OF  THE  WEATHER  DATA  BLOCK  ARE 

EQUIVALENCED. 

WK(6)  local  WORKING  AREA  ARRAY  USED  BY  IMSL  ROUTINE  GGAMA. 

WNDSPD{3,3)  WEATHR  WNDSPD{I,J)  IS  THE  PROBABILITY  OF  HAVING  JTH  WINOSPEED 

GIVEN  PASQUILL  ATMOSPHERIC  STABILITY  CATEGORY  2*1  OR  2*1-1 
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CHAPTER  13 


13.  CONVERSION  TO  OTHER  COMPUTERS 

The  COPE  model  and  its  preprocessors  were  written  for  use  on 
the  US  Army  Ballistic  Research  Laboratories  Control  Data  Corporation 
CYBER  76  (CDC  7600)  computer.  These  programs  use  some  of  the  features 
that  are  peculiar  to  CDC  machines.  This  chapter  points  out  some  of  the 
changes  to  COPE  and  its  preprocessors  that  will  be  required  to  convert 
them  to  run  on  other  machines. 

13.1  Conversion  To  Other  CDC  Computers. 

COPE  and  its  preprocessors  have  been  run  on  other  CDC  machines 
(a  CDC  6600  at  Aberdeen  Proving  Ground  and  a  CDC  6400  and  a  CDC  6500  at 
FT  Leavenv/orth,  KS). 

Two  changes  were  required.  The  first  was  to  change  the  Hollerith 
string  delimiters  from  '(single  quote)  to  v/hatever  the  host  machine  uses 
to  delimit  Hollerith  strings  ("  double  quote  on  the  FT  Leavenworth  machine, 
^  on  machines  using  CDC's  standard,  *  at  some  other  installations). 

This  includes  strings  on  STOP  statements. 

The  second  change  was  to  define  the  cotangent  function  in  PAM. 

The  BRL  CDC  machines  have  the  cotangent  (COT)  function  's  a  jibrary 
function;  some  other  machines  do  not.  This  can  be  easily  fixed  by  defining 
COT(X)  =  l./TAM(X)  as  an  in-line  or  statement  function  in  PAM.  Of  course 
an  alternate  fix  is  to  replace  each  occurrence  of  COT(X)  by  (l./TAN(X)). 

Once  these  changes  were  made,  the  COPE  program  and  its 
preprocessors  ran  without  any  trouble  on  the  other  CDC  machines. 

13.2  Conversion  To  Non-CPC  Computers. 

The  author  cannot  anticipate  every  problem  the  user  may  encounter 
in  converting  COPE  and  its  preprocessors  to  run  on  other  machines;  however, 
there  are  certain  changes  that  will  have  to  be  made  and  of  which  the 
author  is  av/are.  The  only  machine  (other  than  the  CDC  machines)  that  the 
author  uses  to  any  significant  extent  is  the  UNIVAC  1108,  so  most  of  the 
comments  in  this  section  deal  with  changes  the  author  knows  will  have  to 
be  made  to  get  the  programs  working  on  the  UNIVAC  machines. 

13.2.1  Hollerith  Delimiters  and  STOP'S.  The  first  change  that 
may  be  required  is  to  change  the  Hollerith  string  delimiters  from  '  to 
whatever  is  used  on  the  host  machine. 

The  CDC  machines  allow  a  STOP  statement  with  a  message  (the 
message  is  in  Hollerith  string  delimiters  itself)  which  is  printed  when 
that  STOP  is  encountered.  Other  machines  may  allow  only  a  number  with 
the  stop,  only  a  shorter  message  (CDC  allows  up  to  70  characters;  UNIVAC 
allows  6  characters),  or  nothing  at  all.  So  depending  on  the  STOP 
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messages  allowed,  all  of  the  STOP  statements  in  COPE  and  its  preprocessors 
may  require  changes. 

13.2.2  A  FORMATS  and  Alphanumeric  Arrays.  The  CDC  machines 
use  a  60  bit  word  and  a  six  bit  character  code  so  that  each  word  holds 
10  characters.  Hence,  most  of  the  alphanumeric  reads,  writes,  encodes, 
and  decodes  use  AlO  format  and  most  data  statements  use  lOH  format  to 
set  alphanumeric  values. 

For  machines  that  use  shorter  words  or  8  bit  character  codes, 
the  number  of  characters  per  word  will  probably  be  fev/er.  This  means 
that  the  AlO  formats  in  COPE  and  its  preprocessors  (and,  indeed,  all  An 
formats  where  n>  number  of  characters  per  word  on  the  host  machine)  must 
be  changed.  A  similar  remark  applies  to  all  lOH  (or  nH  with  n  as  above) 
formats  in  data  statements.  Reducing  these  formats  to  the  limits  of  the 
host  machine  will  sometimes  require  that  arrays  containing  the  alphanumeric 
data  be  redimensioned.  For  example,  the  B  array  in  subroutine  INPUT  is 
currently  dimensioned  B(8,10);  if  used  on  the  UNIVAC  1108  which  has  6 
characters  per  word,  it  would  have  to  be  redimensioned  B(14,10)  so  that 
each  row  could  still  contain  a  full  card  image  (80  characters). 

13.2.3  Word  Addressable  Mass  Storage  Files.  The  CDC  system 
subroutines 'to  open,  read  from,  write  to,  and  close  a  word  addressable 
mass  storage  file  are  respectively  OPENMS,  READMS,  WRITMS,  and  CLOSMS. 

The  array  INDEXll,  the  system  subroutine  SYSTEMC,  and  the  user  routines 
NOREC  and  N0REC2  are  also  connected  with  COPE's  use  of  word  addressable 
files. 


The  most  convenient  way  to  adapt  COPE's  handling  of  these  files 
to  the  host  machine  is  probably  to  write  subroutines  OPENMS,  READMS, 
WRITMS,  and  CLOSMS  that  use  the  host  machine's  equivalent  file  type  and 
commands,  and  which  perform  the  same  operations  as  on  CDC. 

In  the  specific  case  of  the  UNIVAC,  for  example,  OPENMS  would 
be  a  subroutine  which  first  does  a  DEFINE  FILE,  then  reads  from  the  direct 
access  file  (using  UNIVAC  terminology  --  this  is  equivalent  to  the  CDC 
word  addressable  file)  the  current  values  of  the  INDXll  array.  Subroutine 
READMS  would  search  the  INDXll  array  for  the  desired  record  name  and  then 
when  the  name  was  found  and  the  corresponding  address  v  looked  up,  it 
would  do  a  READ  (11 'v);  if  the  record  name  were  not  found,  NOREC  would  be 
called  (or  N0REC2  in  PREPMS).  Subroutine  WRITMS  would  add  a  record  nane 
and  address  to  INDXll  (or  perhaps  just  modify  the  addresses  if  the  record 
name  were  already  present)  and  the  do  a  WRITE  (11 'v).  CLOSMS  would  do  a 
WRITE  (11 'v)  of  INDXll  to  TAPEl 1. 

Non-CDC  machines  may  also  require  redimensioning  of  INDXll  to 
allow  record  names  to  take  up  two  (or  more)  words  of  characters.  Also 
additional  bookkeeping  of  record  addresses  may  be  required  in  PREPMS. 


13-2 


The  calls  to  SYSTEMC  and  the  defining  of  IRAY  can  be  dispensed 
with  if  error  prints  are  added  that  occur  v/hen  attempting  to  read  a  non¬ 
existent  record. 


13.2.4  ENCODE  and  DECODE.  Although  most  computers  with  FORTRAN 
IV  compilers  have  ENCODE  and  DECODE  statement's,  there  are  some  that  may 
not  and  there  are  others  that  differ  from  CDC's. 

If  the  host  machine  does  not  have  ENCODE  and  DECODE  statements, 
it  would  probably  be  worthwhile  to  write  subroutines  that  perform  the 
functions  of  ENCODE  and  DECODE  and  then  replace  all  ENCODES  and  DECODES 
in  COPE  with  calls  to  those  subroutines. 

If  the  host  machine  has  ENCODE  and  DECODE  a  check  should  be 
made  to  see  that  they  take  the  same  arguments  in  the  same  order  as  the 
CDC  ENCODE  and  DECODE  statements  and,  if  not,  the  necessary  changes  should 
be  made. 


13.2.5  DATE  and  TIME.  CDC  has  two  subroutines  DATE  and  TIME 
that  respectively  give  an  8  character  date  and  a  9  character  time.  These 
are  only  called  to  obtain  date  and  time  values  to  be  printed  on  the  title 
page  of  the  output.  If  the  user's  computer  does  not  have  equivalent 
subroutines,  the  calls  to  DATE  and  TIME  may  be  deleted. 

13.2.6  STRACE.  The  subroutine  STRACE  causes  a  printing  of 
traceback  information  from  the  current  subroutine  back  to  the  main  program. 
This  information  gives  the  subroutine  and  line  from  which  STRACE  v^as 
called,  the  subroutine  and  line  from  v/hich  that  subroutine  was  called, 

and  so  on  back  to  the  main  program. 

STRACE  is  available  on  both  CDC  and  UNIVAC  but  it  may  not  exist 
in  some  FORTRAN  implementations  (or  it  may  have  a  different  name).  In  either 
case,  the  user  will  need  to  check  this  point. 

13.2.7  EOF.  The  CDC  machine  has  a  function  called  EOF.  The 
value  of  EOF  (lUNIT)  is  zero  if  the  end  of  file  has  not  been  encountered 
on  I/O  unit  lUNIT.  After  a  READ,  a  test  of  EOF  will  yield  a  non-zero 
value  if  the  end-of-file  on  that  I/O  unit  has  been  encountered. 

The  CDC  statements: 

READ  (lUNIT,  100)  iolist 

IF  (EOF(IUNIT).NE.O.O)  GO  TO  99 

are  equivalent  to: 

READ  (lUNIT,  100,  END  =  99)  iolist 

on  most  other  machines. 
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13.2.8  COTANGENT.  The  PAM  program  uses  the  cotangent  function 
(COT).  If  this  is  not  a  library  function  on  the  user's  computer,  then  it 
should  either  be  defined  as  a  function  (a  statement  function  or  external 
function)  or  else  each  occurrence  of  COT(X)  should  be  replaced  by  (1./TAN(X)). 

13.2.9  Im.n  FORMAT.  The  CDC  FORTRAN  includes  an  Im.n  format 
which  specifies  that  an  integer  is  to  be  written  right  justified  in  a 
field  m  characters  wide  with  a  minimum  of  n  characters  printed  (m  >_  n). 

This  means  that  leading  zeros  are  generated  when  the  output  value  requires 
fewer  than  n  digits.  For  example,  if  an  integer  variable  with  value  23 
were  to  be  v/ritten  under  15.4  format,  the  result  v/ould  be:  b0023. 

Here  b  represents  a  blank  so  we  have  a  field  width  of  m=5  v/ith  n=4 
characters  printed  even  though  2  would  have  sufficed. 

The  Im.n  is  a  standard  format  in  FORTRAN  77,  but  since  COPE 
is  written  in  FORTRAN  IV  that  may  be  of  no  help  to  the  user  whose  FORTRAN 
IV  compiler  does  not  include  it.  On  some  machines  a  similar  format  (such 
as  the  UNIVAC  Jn  format)  may  be  substituted;  on  other  machines  the  user 
may  have  to  simulate  this  format  by  using  one  of  several  different  formats 
depending  on  the  number  of  digits  required  to  write  the  integer  value. 

13.3  GGAMA  Function  (IMSL). 

The  main  COPE  program  uses  the  International  Mathematical  and 
Statistical  Library  (IMSL)  function  GGAMA.  It  is  called  from  function 
GAMMA  which  is  in  turn  called  from  GETTIM  (it  is  used  when  the  third  method 
of  playing  response  time  is  used). 

If  the  IMSL  is  available  on  the  user's  computer,  then  it  should 
be  made  available  when  COPE  is  loaded  and  run. 

If  the  IMSL  is  not  available  to  the  user,  then  a  function  GGAMA 
should  be  written  by  the  user  or  obtained  from  another  library.  It  should 
take  a  random  number  seed  IRN,  an  alpha  parameter  value  (ALPHA),  and 
return  a  gamma  distributed  random  deviate  R  (with  a  =  ALPHA  and  3=1). 

The  arguments  IN  and  WK  are  arguments  used  by  the  IMSL  routine  and  may  or 
may  not  be  used  by  the  user's  GGAMA. 
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14.  PREPMS  PREPROCESSOR  PROGRAM 
14.1  General  Remarks 


CHAPTER  14 


The  PREPMS  preprocessor  program  performs  three  functions: 

(1)  to  create  or  modify  records  on  the  word  addressable  data 
base  file  (TAPE  11)  by  reading  input  cards  (or  card  images)  and  writing 
their  contents  (in  appropriate  format  and  order)  to  TAPE  11. 

(2)  to  generate  and  print  a  list  of  the  names  of  the  current 
records  on  TAPE  1 1 ,  and 

(3)  to  generate  and  print  a  list  of  the  PE  data  records 
currently  on  TAPE  11  along  with  their  respective  parameter  values  (see 
section  5.4  for  the  relation  of  9  parameters  to  PE  data  record  names). 

Because  the  PREPMS  program  is  quite  straightforward  in  design 
and  shares  many  subroutines  with  COPE,  it  is  not  documented  as  thoroughly 
as  the  main  COPE  program;  however,  this  chapter  gives  enough  information 
to  set  up  the  input,  understand  the  output,  and  generally  understand  what 
the  program  does. 

A  re-reading  of  Chapter  5  may  be  helpful  in  understanding  what 

follows. 

14.2  PREPMS  Program  Design. 

The  PREPMS  program  consists  of  seven  subprograms:  the  main 
program  PREPMS,  the  block  data  subprogram  BDATA2,  the  subroutines  N0REC2, 
PEHAME,  and  SEPRC2,  and  the  functions  IDCHAR  and  NUMRIC. 

The  subprograms  RENAME,  IDCHAR,  and  NUMRIC  are  identical  to  the 
subprograms  of  the  same  name  in  COPE.  BDATA2  is  merely  a  subset  of  BDATAl 
of  COPE;  that  is,  it  contains  data  statements  that  fill  in  the  three 
common  blocks  LOGFLG,  SYMBOL,  and  XVALUE  as  does  BDATAl,  but  it  does  not 
fill  in  any  of  the  other  common  blocks  of  BDATAl  as  they  are  not  needed 
by  PREPMS. 


The  subroutine  SEPRC2  is  nearly  identical  to  SEPREC  of  COPE. 

The  only  difference  is  that  the  message  about  sequence  numbers  in  col  urn, ns 
73-78  of  the  input  cards  is  written  directly  to  OUTPUT  instead  of  encoded 
and  written  via  a  call  to  COMMNT. 

The  subroutine  N0REC2  is  called  (as  a  result  of  using  CDC's 
SYSTEMC  feature)  whenever  the  program  attempts  to  read  a  record  named 
OPTNNUMS  from  TAPE  11  but  does  not  find  such  a  record.  This  should  happen 
only  when  PREPMS  is  creating  a  new  TAPE  11;  when  PREPMS  is  modifying  an 
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FIGURE  14-1  Logic  Flow  of  PREPMS 
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existing  TAPEll,  there  will  already  be  an  OPTNNUMS  record  on  TAPEll. 

When  no  such  record  is  found,  N0REC2  is  called;  it  then  prints  a  message 
saying  that  the  current  job  is  a  creation  run  and  allows  the  program  to 
conti nue. 


The  main  program  PREPMS  is  different  from  anything  in  COPE. 

Its  main  logic  flow  is  shown  in  Figure  14-1.  It  begins  by  initializing 
(via  DATA  statements),  calling  SYSTEMC  to  set  an  error  recovery  procedure, 
and  opening  the  file  TAPEll.  If  it  successfully  reads  the  record  named 
OPTNNUMS,  it  continues;  if  not,  N0REC2  is  called,  a  message  is  printed, 
and  execution  resumes.  Next  it  attempts  to  read  a  card;  if  successful, 
the  program  continues;  if  unsuccessful,  it  has  hit  the  end  of  file  and  a 
stop  with  normal  termination  message  is  issued. 

The  main  program  examines  the  card  just  read  to  determine  what 
action  to  take  next.  Five  possibilities  exist: 

(1)  The  card  indicates  a  set  of  option  words  follows.  In  this 
case,  the  option  words  are  read,  printed  on  OUTPUT  and  written  to  TAPE  11. 

(2)  The  card  indicates  a  new  record  is  to  be  read.  In  this 
case,  the  data  for  the  new  data  block  record  is  read,  printed  on  OUTPUT, 
and  written  to  TAPEll. 

(3)  The  card  indicates  a  list  of  the  names  of  the  records 
currently  on  TAPEll  is  desired.  In  this  case,  such  a  list  is  generated 
and  printed  on  OUTPUT. 

(4)  The  card  indicates  PE  data  record  names  are  to  be  interpreted. 
In  this  case,  the  names  of  the  PE  data  records  currently  on  TAPEll  are 
examined  and  the  corresponding  parameter  values  are  determined.  A  list 

is  then  printed  giving  each  PE  data  record's  name  and  the  corresponding 
parameter  values. 

(5)  None  of  the  above  in  which  case  a  stop  with  error  message 

occurs. 

Note:  The  terms  INPUT  and  OUTPUT  refer  respectively  to  the  files 
TAPES  and  TAPES  which  correspond  to  I/o  units  5  and  6.  TAPEll  corresponds 
to  I/o  unit  11  and  is  another  name  for  the  word  addressable  data  base 
file.  Note  that  OUTPUT  (or  TAPES)  normally  corresponds  to  a  line  printer 
and  INPUT  (or  TAPES)  corresponds  to  either  a  punched  card  reader  or  a 
mass  storage  file  of  card  images. 

14.3  Glossary  of  PREPMS  Variables. 

The  majority  of  the  PREPMS  variables  have  the  same  meaning  as 
their  namesakes  in  the  COPE  program.  Therefore,  the  glossary  in  this 
section  gives  definitions  only  for  those  variables  different  from  the 
main  COPE  model. 
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GLOSSARY  OF  PREPMS  VARIABLES 
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nread  integer  (local)  number  of  option  word  character  strings  to  be  read 

IN  THIS  set  of  option  WORDS. 


GLOSSARY  OF  PREPMS  VARIABLES  -  CONTINUED 
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To  find  the  definition  of  a  variable  in  PREPMS,  one  should 
first  look  in  the  glossary  of  this  section.  Then,  if  the  variable  is  not 
found,  look  in  the  glossary  of  COPE  variables  in  Chapter  12. 


Note  that  all  variables  in  common  block  SADARB  are  used  only 
with  the  SADARM  variant  of  COPE  (called  SOPE)  and  are  not  defined  herein. 
This  remark  also  applies  to  the  WPNDAT  array. 

14.4  PREPMS  INPUTS. 


The  PREPMS  inputs  are  divided  into  four  types: 

(1)  option  word  records 

(2)  data  block  records 

(3)  REPORT  RECORD  LIST  directives,  and 

(4)  INTERPRET  PEDATA  directives. 

The  second  type  (data  block  records)  is  further  divided  into 
eight  types  of  data  blocks.  The  sections  concerning  data  block  record 
types  (sections  14.4.2(1)  through  14.4.2(8))  also  give  instructions  for 
setting  up  data  to  be  read  by  COPE  using  the  TEMPORARY  feature  (see 
section  4.5). 


Note  that  if  two  or  more  option  word  records  are  read  corresponding 
to  the  same  keyword  (see  section  14.4.1)  then  only  the  last  one  read  will 
have  any  effect.  Similarly,  if  two  or  more  data  block  records  are  read 
under  the  same  record  name,  only  the  last  one  read  will  be  retained  on  TAPEll. 
This  means  that  any  modifications  to  either  type  1  or  type  2  input  (as 
listed  above)  require  that  the  entire  desired  record  contents  be  read 
(not  just  the  additions). 


Also,  note  that  inputs  of  the  four  types  may  be  arranged  in  any 
order  provided  that  the  integrity  of  the  multiple  card  (or  card  image) 
input  types  (types  1  and  2)  is  preserved.  However,  types  3  and  4  only 
have  effect  on  the  file  (TAPEll)  as  it  exists  at  the  time  they  are 
encountered;  hence,  they  are  usually  put  at  the  end  of  the  input. 

14.4.1  Option  Word  Records.  Each  option  word  record  consists 
of  one  card  (or  card  image)  of  type  1  and  NREAD  cards  of  type  2  following 
the  type  1  card. 


The  general  form  of  the  type  1  card  is: 
OPTION  WORDS,  keyword,  m,  n 


or 

OPTWDS,  keyword,  m,  n 
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where:  keyword  is  replaced  by  the  character  string  giving  the  abbreviated 
form  of  the  keyword  to  which  the  option  words  are  to  apply; 

m  =  NREAD,  a  positive  integer  giving  the  number  of  type  2  cards 
to  be  read^for  this  option  word;  and 

n  =  NOPTl 5  a  positive  integer  giving  the  keyword  number  (see 
section  5.X9)  of  the  keyword  to  which  the  option  words  are  to  apply. 

The  general  form  of  each  type  2  card  is: 

mm,  nn.  Option  word  character  string 

where:  ^  =  NOPTWC,  the  number  of  the  option  word  choice  to  which  the 
character  string  belongs  (NOPTWC  is  a  positive  integer); 

nn  =  NOPTW,  a  positive  integer  equal  to  one  plus  the  number  of 
the  option~word  for  which  the  character  string  is  an  allowed  choice;  and 

Option  word  character  string  is  the  actual  character  string 
allov;ed  as  a  choice. 

The  subsequent  use  of  option  word  character  string  in  a  COPE 
run  as  a  choice  for  option  word  NOPTW-1  on  a  keyword  input  card  for 
keyword  number  NOPTl  causes  option  number  NOPTWC  to  be  activated  for 
option  word  NOPTW-1.  (See  example  in  section  5.3.8;  for  a  second  example, 
see  appendixes  C  and  D.) 

Note:  While  blanks  may  be  freely  inserted  in  COPE  inputs 
(keywords  and  option  words)  with  no  effect  (the  single  exception  being 
blanks  occurring  within  10  spaces  after  a  "$"  -  see  section  4.5.3),  there 
should  be  no  internal  blanks  in  the  character  strings  on  type  2  cards. 

Also,  no  more  than  2  option  word  character  strings  applying  to 
the  same  keyword  are  allowed  to  correspond  to  a  given  NOPTWC,  NOPTW  pair. 

Finally,  no  more  than  30  type  2  cards  are  allowed  with  any  type 

1  card. 

14.4.2  Data  Block  Records.  There  are  eight  data  block  record 

types: 


(1 )  Weather  data 

(2)  Acquisition  data 

(3)  Response  time  data 

(4)  Direct  Fire  Suppression  data 

(5)  Random  Occurrence  data 

(6)  PE  (probability  of  engagement  data) 

(7)  Target  Posture  Distribution  data 

(8)  Invariant  data 
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The  formatting  of  the  input  required  for  each  of  these  types  is 
presented  in  a  separate  subsection  of  this  section. 

Note  that  these  eight  data  blocks  correspond  exactly  to  the 
eight  data  blocks  that  can  be  used  with  the  TEMPORARY  option  in  COPE. 
Furthermore j  the  formats  used  by  COPE  under  the  TEMPORARY  option  and  by 
PREPMS  are  identical  except  for  the  first  card  (or  card  image)  of  each 
set.  The  sections  that  follow  give  the  set-ups  required  for  use  with 
either  program. 

The  first  card  (header  card)  in  each  case  is  free  format:  blanks 
may  be  freely  inserted,  fields  are  defined  by  separators  (commas,  for 
example).  Subsequent  cards  of  each  data  block  type  are  formatted  FORTRAN 
inputs  and  care  must  be  taken  to  conform  to  the  specified  formats. 

1 .  Weather  Data  Block  Input. 

When  reading  weather  data  into  PREPMS  for  transfer  onto  TAPEll, 
the  first  card  (which  indicates  a  weather  data  record  is  to  be  input) 
must  be  of  the  form: 


NEW  RECORD,  record  name,  1 


or 

NEW  REC,  record  name,  1 


where  record  name  is  the  name  of  the  weather  data  record  to  be  read. 

(See  section  5.3.1  for  the  form  of  v/eather  data  record  names). 

When  using  the  TEMPORARY  option  with  COPE,  the  weather  data  is 
headed  by  a  card  of  the  form: 

TEMPORARY,  WEATHER  or  TEMPORARY,  W 


or 

TEMP,  WEATHER  or  TEMP,  W 

In  either  case  (whether  reading  weather  data  in  PREPMS  or  COPE), 
the  remaining  cards  of  the  weather  data  are  as  follows: 
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WEATHER  DATA 


2 


CARD  SET 


Card  No. 


Variable  name 

UNITS 

Format 

col umns 

Descri  ption 

NCC 

15 

1-5 

Number  of  different  cloud  ceiling 
altitude  values  used  with  the  current 
weather  data.  (If  NCC  >6,  then  array 
dimension  changes  are  required). 

NVL 

• 

15 

6-10 

Number  of  different  visibility  range 
limits  used  with  the  current  weather 
data.  (If  NVL+11,  then  array  di¬ 
mension  changes  and  program  modifica¬ 
tions  are  usually  required). 

• 

i 

1 

1 

i 

i 

1 

j 

i 
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WEATHER  DATA  CARD  SET 


Card  No.  3 


Variable  name 


UNITS 


Format 


col  umns 


Hescri  ption 


PRCLCG 


F10.4 


1-10 


Probability  that  there  is  a  cloud 
ceiling. 


PRCFLS(l) 


F10.4 


n-20 


Probability  that  there  is  a  cloud 
free  line-of-sight  given  that  there  is 
a  cloud  ceiling. 


PRCFLS(2) 


no. 4 


21-30 


Probability  that  there  is  a  cloud  free 
line-of-sight  given  that  there  is  no 
cloud  ceiling  (i.e.,  scattered  clouds 
only) . 


{ 

1 

i 

i 

1 

I 

I 

I 

j 

! 

I 

I 

I 

{ 

t 

I 

t 

i 

I 

I 
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Variable  name 


Description 


PRGCFLO.l) 


PRGCFL(2.1) 


PRGCFL(8,1 ) 


PRGCFLCI.I)  is  the  probability  that 
the  visibility  range  limit  is  equal  to 
I  kilometers  given  that  there  is  a 
cloud  ceiling  and  a  cloud  free  line-of- 
sight. 

Mote :  The  visibility  range  limit 
is  considered  to  be  I  kilometers  if 
(1-1/2) km  <  visibility  range  limit 
<(!+l/2)kni. 
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WEATHER  DATA 


CARO  SET 


Card  Ho.  4b 


Description 

PRGCFL(I,1)  is  described  on  previous 
page. 


i 

i 


i 

i 

i 

i 

> 

I 

I 

i 

j 

I 


WEATHER  DATA 


Card  No.  5a 


CARO  SET 


Variable  name 


UNITS 


Format 


col umns 


'lescri  ption 


PRGCFLd  ,2) 

PRGCFL(2,2) 


F1Q.4 


F10.4 


1-10 


11-20 


PRGCFL(8,2) 


F10.4 


71-80 


14-13 


PRGCFL(I,2)  is  the  probability 
that  the  visibility  range  limit  is 
equal  to  I  kilometers  given  that  there 
is  no  cloud  ceiling  and  that 
there  is  a  cloud  free  line-of-sight. 
The  note  on  card  4a  applies. 


VJEATHER  OATA 


CARD  SET 


Card  No .  5b 


Variable  name 


UNITS 


Format 


columns 


Description 


PRGCFL(9,2) 


F10.4 


1-10 


PRGCFL(I,2)  is  described  on  previous 
page. 


PRGCFL(11 ,2) 


F10.4 


21-30 
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WEATHER  DATA 


CARD  SET 


Card  No. 


6a 


Variable  name 

UNITS 

Format 

col umns 

Description 

Wd.l.l) 

F10.4 

1-10 

W(I,J,1)  is  the  probability  of 
having  the  Ith  cloud  ceiling  altitude 
and  the  Jth  visibility  range  limit 

W{2.1,1) 

F10.4  . 

11-20 

given  that  there  is  a  cloud  ceiling 
but  no  cloud  free  1  ine-of-sight. 

W(3.1,l) 

F10.4 

21-30 

W(4,l.l) 

F10.4 

31-40 

W(5.1,l) 

F10.4 

41-50 

W(6,l.l) 

1 

F10.4  ! 

51-60  ! 
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WEATHER  DATA 


CARD  SET 


Card  No. 


6b 


WEATHER  DATA 


Card  No.  6c  -  6k 


CARD  SET 


Cards  6c  through  6k  are  similar  to  cards  6a  and  6b  except  each 
successive  card  contains  W(I,JJ)  values  for  a  higher  value  of  J: 

through  W(6,l,l) 

W(6,2,l) 
W(6,3,l) 
W(6,4,l) 
W(6,5,l) 
W(6,6,l) 
W(6,7,l) 
W(6,8,l) 
W(6,9.1) 
W(6,10,l) 
W(6,ll,l) 


|w(l,J,l),  W(2,J,1),  W(3,J.l).  W(4.J,1),  W(5,J,1),  and  W(6,J,1) 

in  6F10.4  format  (exactly  as  illustrated  for  cards  6a  and  6b  on  the 
previous  two  pages). 


card 

6a 

contains  W(l,l,l) 

II 

6b 

"  W{1,2,1) 

II 

6c 

"  W(1.3,l) 

II 

6d 

•'  W(l,4.1) 

11 

6e 

"  W(1.5,l) 

II 

6f 

"  W{1,6.1) 

II 

6g 

W{1,7.1) 

II 

6h 

"  W(l,8,l) 

II 

6i 

"  W(1,9J) 

II 

6j 

"  W(1J0,1) 

II 

6k 

"  W(l,ll,l) 

Each 

of  these  cards  contains  six  val 
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WEATHER  DATA 


/*Ann  rrr 


Variable  name 


W{1.1,2) 

W(2,1.2) 

W(3.1,2) 

W(4,l,2) 

W(5J,2) 

W(6,l,2) 


W(I,J,2)  is  the  probability  of 
having  the  Ith  cloud  ceiling  altitude 
and  the  Jth  visibility  range  limit 
given  that  there  is  no  cloud  ceiling 
and  no  cloud  free  line-of-sight. 
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Card  No.  7b 


WEATHER  DATA _ ^CARO  SET 


Variable  name 


UNITS 


Format 


col umns 


Hescription 


W(1.2,2) 

W(2.2.2) 

W(3.2.2) 

W(4.2,2) 

W(5.2,2) 

W(6,2,2) 


F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 


1-10 

11-20 

21-30 

31-40 

41-50 

51-60 
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W(I,J,2)  is  as  defined  on  previous 
page. 


WEATHER  DATA 


Card  No.  7c  -  7k 


CARD  SET 


Cards  7c  through  7k  are  similar  to  cards  7a  and  7b  except  each 
successive  card  contains  W(I,J,2)  values  for  a  higher  value  of  J: 


card  7a 

contai ns 

W(l,l,2) 

through 

W(6,l,2) 

"  7b 

II 

W(l,2,2) 

II 

W(6,2,2) 

"  7c 

11 

W(1.3,2) 

11 

W(6,3,2) 

"  7d 

It 

W(1.4,2) 

II 

W(6,4,2) 

"  7e 

II 

W(1.5,2) 

II 

W(6,5,2) 

"  7f 

It 

W(l,6.2) 

11 

W(6,6,2) 

"  7g 

II 

W(1.7,2) 

II 

W(6,7,2) 

"  7h 

II 

W(1.8,2) 

II 

W(6,8,2) 

"  7i 

II 

W{1,9,2) 

II 

W(6.9.2) 

"  7j 

11 

W(1.10,2) 

II 

W(6,10,2) 

"  7k 

11 

W(l.ll,2) 

II 

W(6,ll,2) 

Each  of  these  cards  contains  six  values, 

W(1,J,2),  W(2,J,2),  W(3,J,2),  W(4,J,2),  W(5,J,2),  and  W(6,J,2)  I, 

/ 

in  6F10.4  format  (exactly  as  illustrated  for  cards  7a  and  7b  on  the 
previous  two  pages). 


14-20 


WEATHER  DATA 


8a 


CARD  SET 


Card  No . 


Variable  name 

UNITS 

Format 

col  umns 

Description 

VISLIMd  ) 

km. 

F10.4 

1-10 

VISLIM  (I)  is  the  Ith  visibility 
range  limit  value. 

VISLIM  (2) 

km. 

F10.4 

11-20 

Any  choice  other  than  VISLIM(I)  =  I 
kilometers  will  require  program 

VISLIM  (3) 

J 

1 

km. 

1 

F10.4 

;  1 

'  1 

i 

21-30 

changes  to  COPE. 

1 

1 

VISLIM  (8) 

» 

! 

1  ' 

km. 

,  1 

1 

F10.4 

1 

1 

i 

1 

i 

1 

71-80 

,  j 
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WEATHER  DATA 


CARO  SET 


9 


Card  No. 


Variable  name 

UNITS 

Format 

col umns 

Description 

CLOUD  (1) 

meters 

F10.4 

1-10 

CLOUD  (I)  is  the  Ith  cloud  ceiling 
altitude  in  meters  used  for  the 
current  set  of  weather  data. 

CLOUD  (2) 

meters 

F10.4 

11-20 

CLOUD  (3) 

meters 

F10.4 

21-30 

1 

CLOUD  (4) 

meters 

F10.4 

1 

31-40 

1 

CLOUD  (5) 

meters 

F10.4 

41-50 

CLOUD  (6) 

meters 

i 

F10.4 

1 

1 

1 

51-60 

! 

i 

1  : 
1  i 

1  j 

1 

1 

1 

1 

j 

i 

[ 

i 

1 

1 

! 

1 

1 

I 

l 

! 

j  14-23 

i 

1 

1 

1 

1 

\ 

i 

1 

i 

j 

i 

1 

WEATHER  DATA 


CARO  SET 


Card  No . 


10 


Variable  name 

UNITS 

Format 

col umns 

Hescri  ption 

PASQL  (1) 

F10.4 

1-10 

PASQL(I)  is  the  probability  of 
occurrence  of  the  Ith  Pasquill 
atmospheric  stability  category. 

PASQL  (2) 

no. 4 

11-20 

(Category  A  corresponds  to  1=1 , 

B  to  1=2 ,  etc. ) 

PASQL  (3) 

F10.4 

21-30 

PASQL  (4) 

no. 4 

31-40 

PASQL  (5) 

F10,4 

41-50 

PASQL  (6) 

no. 4 

51-60 

1 

1 

i 

1 

1 

1 

i 

( 

i 

i 

i 

j 

j 

M-24  j 

WEATHER  DATA 


CARD  SET 


Card  No . 


n 


Variable  name 


UNITS 


Format 


col umns 


Description 


WNDSPD  (1) 
WNDSPD  (2) 
WNDSPD  (3) 


no. 4 

F10.4 

F10.4 


1-10 

11-20 

21-30 


14-25 


WNDSPD  (I)  is  the  probability 
that  the  windspeed  is 
in  speed  bracket  I. 

(Speed  bracket  1=1  includes 
windspeeds  from  0  to  5  knots,  1=2 
includes  from  5  to  15  knots  and  1=3 
includes  15  knots  and  over). 


WEATHER  DATA 


CARD  SET 


Card  No.  12 


description 

HUMID  (1)  is  the  probability  that  the 
relative  humidity  is  less  than  65%; 
HUMID  (2)  is  the  probability  that 
the  relative  humidity  is  greater  than 
(or  equal  to)  65%. 


2.  Acquisition  Data  Block  Input. 

When  reading  acquisition  data  into  “"f, 

TAPEll,  the  first  card  (which  indicates  an  acquisition  data  record  is 

to  be  read)  must  be  of  the  form: 

NEW  RECORD,  record  name,  2 


NEW  REC.  record  name,  2 

where  record  name  is  the  name  of  the  acquisition  data  (;ecord  to  be 
read  (see  section  5.3.2  for  the  form  of  acquisition  data  record 

names) . 

When  using  the  TEMPORARY  option  with  COPE,  the  acquisition 
data  is  headed  by  a  card  of  the  form: 

TEMPORARY.  ACQUISITION  RANGE  DISTRIBUTION 


TEMPORARY.  ACQRNODIST 


TEMP.  ACQUISITION  RANGE  DISTRIBUTION 


TEMP.  ACQRNGDIST 

In  either  case  (whether  reading  acquisition  data  in  PR^MS 
or  COPE),  the  remaining  cards  of  the  acquisition  data  are  as  fo  ows 
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ACQUISITION  DATA 


2 


CARD  SET 


Card  No. 


Variable  name 

UNITS 

Format 

col  umns 

^escri  ption 

NRP 

15 

1-5 

Number  of  range  points  used  in  the 
CRNGD  array  (Cumulative  distribution 
of  acquisition  (unmasking)  ranges.) 

NPP 

15 

5-10 

Number  of  points  used  within  each 
range  class  to  describe  cumulative 
distribution  of  line-of-sight 
segment  lengths. 

NRNGCL 

15 

, 

; 

( 

n-15 

i 

i 

I 

1 

1 

1 

! 

Number  of  range  class  boundary  value 
to  be  used  (equals  one  less  than 
the  number  of  range  classes) 

Note:  Zero  is  always  assumed  to  be 
the  lower  boundary  of  the  shortest 
range  class  so  it  need  not  be 
explicitly  entered  as  input  nor 
counted  as  a  boundary  value  for 
NRNGCL. 

P 

I 

I 
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ACQUISITION  DATA 


CARO  SET 


Card  No. 


Variable  name 

UNITS 

Format 

col umns 

CRNGDd.l) 

F10.4 

1-10 

CRNGD(2,1) 

F10.4 

11-20 

CRNGD(3,1) 

F10.4 

21-30 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  ' 

1 

1 

1 

Oescription 


CRNGD(I,1)  is  the  probability  that 
the  designator-to-target  range  at 
time  of  target  unmasking  is  less 
than  or  equal  to  the  value  in 
CRNGD(I,2) 


CRNGD(1,1)  =  0.0 
and 

CRNGD(NRP,1)  =  1.0 
must  be  satisfied. 

Also,  the  entries 
must  increase  as 
I  increases. 


CRNGD(8,1) 


Note:  If  NRP  £  8,  only  one  card  of 
this  type  will  be  needed]  if 
NRP  >  8,  then  a  second  card 
must  continue  with  CRNGD(9,1) 
through  CRNGD(NRP,1 ).  NRP 
cannot  exceed  11  with  current 
dimensions. 
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ACQUISITION  DATA 


CARO  SET 


Card  No.  3b 


Variable  name 


Hescri  ption 


CRNGD(I,2) 

CRNGD(2.2) 


meters 

/ 

I 


I  CRNGD(I,2)  is  the  range 
value  corresponding  to 
the  cumulative  probability 
value  in  CRNGD(1 ,1 ) . 

The  values  must 
increase  as  I  increases. 


CRNGD(8,2) 


meters 


Note:  If  NRP  <  8,  only  one  card  of 
this  type  will  be  needed;  if 
NRP  >  8,  then  a  second  card 
must  continue  with  CRNGD(9,2) 
through  CRNGD(NRP,2)  NRP  cannot 
exceed  11  with  current 
dimensions. 


Variable  name  UNITS 
SEGLOSdJ) 

SEGL0S(2,1) 


SEGL0S(8,1) 


Format  columns 


Hescription 


SEGLOS(I,l)  is  the  probability 
that  the  length  of  a  line-of-sight 
segment  in  range  class  K  is  less 
than  or  equal  to  SEGL0S(I>  K+1 ) 
meters. 

Note: 

SEGLOSd  ,1)  =  0.0 
SEGL0S(NPP,1)  =  1.0  and 
SEGLOSd, 1)<  SEGL0S(I+1,1) 
for  I  =  1,2,  —  NPP-1. 


If  NPP  <8,  only  one  card  of  this  type 
will  be  needed;  if  NPP  >8,  then  a  second 
card  must  continue  with  SEGLOS  (9,1) 
through  SEGL0S(NPP,1 ) .  NPP  cannot  exceed 
11  with  current  dimensions. 


ACQUISITION  DATA 


CARO  SET 


Card  No .  4b 


Variable  name 

UNITS 

Format 

columns 

Description 

SEGL0S{1,2) 

meters 

F10.4 

1-10 

SEGL0S(I,2)  is  the 

! 

line-of-sight  segment  length 

SEGL0SC2,2) 

meters 

F10.4 

11-20 

value  corresponding  to  the 

cumulative  probability  value 

SEGL0S(2,3) 

meters 

F10.4 

21-30 

in  SEGL0S(I,1)  when  the 

1 

/ 

/ 

range  from  D.O.  to  target 

1 

/  1 

1 

unmask  falls  in  the  first 

1 

1 

/  : 
/ 

1 

1 

range  class. 

J 

1 

t 

/ 

1 

( 

Note: 

/ 

/ 

1 

SEGL0S(I,2)<  SEGLOS  (1+1,2) 

/ 

1 

!  f 

1 

1  ; 

1 

1 

1 

1 

for  I  =  1,2,—  ,  NPP-1. 

;Note: 

If  NPP  £8,  only  one  card  of  this  type  is 
needed;  if  NPP  >8,  then  a  second  card 
must  continue  with  SEGL0S(9,2)  through 
SEGLOS(NPP,2) .  NPP  cannot  exceed  11  with 
current  dimensions. 


14-32 


ACQUISITION  DATA 


CARD  SET 


Card  No.  4c  -  4k 


The  SEGLOS  array  is  read  from  additional  cards  similar  to 
4b  up  to  a  maximum  of  11  cards  (or  card  pairs  if  NNP  >8). 

Each  card  (or  card  pair  if  NPP  >8)  has  the  following  content: 

through 


card  4a 

contains 

SEGL0S(1,1) 

"  4b 

II 

SEGL0S(1 ,2) 

"  4c 

II 

SEGL0S(1,3) 

"  4d 

II 

SEGL0S(1 ,4) 

"  4e 

II 

SEGL0S(1 ,5) 

"  4f 

II 

SEGL0S(1 ,6) 

"  4g 

II 

SEGL0S(1 ,7) 

"  4h 

II 

SEGL0S(1 ,8) 

"  4i 

II 

SEGL0S(1 ,9) 

"  4j 

II 

SEGL0S(1 ,10) 

"  4k 

II 

SEGL0S(1 ,11) 

If  NPP 

>8  then  each 

card  above  is  repl 

SEGL0S(NPP,1) 

SEGL0S(NPP,2) 

SEGL0S(NPP,3) 

SEGL0S(NPP,4) 

SEGL0S(NPP,5) 

SEGL0S(NPP,6) 

SEGL0S(NPP,7) 

SEGL0S(NPP,8) 

SEGL0S(NPP,9) 

SEGL0S(NPP,10) 

SEGL0S(NPP,11) 


In 


this  case,  the  nrst  cara  or  eacn  pair  i,unuani:>  ciyno 
the  second  card  contains  NPP-8  values  (each  card  is  in  8F10.4  format). 
SEGL0S(1,J)  through  SEGLOS(NPP,J)  contain  (for  J>_2)  the  1  i ne-of-sight 
segment  lengths  in  meters  for  range  class  J-1  corresponding 
respectively  to  the  cumulative  probability  values  in  SEGL0S( I , l )  througn 
SEGL0S(NPP,1 ).  The  total  number  of  cards  (or  card  pairs  if  NPP>8)  will 
be  NRNGCL  +  1  (one  for  probabilities  plus  one  for  each  range  class). 
Hence,  if  NRNGCL  =  10,  all  cards  3a  through  3I<  will  be  used;  but,  if 
NRNGCL  <10,  then  only  the  first  NRNGCL  +  1  cards  (or  card  pairs  if 
NPP  >8)  shown  above  will  be  used. 


ACQUISITION  DATA _ ^CARO  SET 


Card  No.  _ 5 


Variable  name 

UNITS 

Format 

col umns 

hescription 

RNGCLB(l) 

meters 

F10.4 

1-10. 

RNGCLB(I)  is  the  Ith  non-zero 
range  class  boundary.  That 

RNGCLB(2) 

1 

1 

meters 

/ 

1 

F10.4 

( 

( 

11-20 

/ 

1 

is,  range  class  1  runs  from 
zero  to  RNGCLB(l)  meters 
and,  for  I  >  1,  range  class 

I  runs  from  RNGCLB(I-l) 

1 

/ 

1 

I 

1 

1 

f 

/ 

meters  to  RNGCLB(I)  meters. 

(When  the  DOrto-target 
unmask  range  lies  in  range 
i  class  I,  then  the  (I  +  l)st 

RNGCLB(8) 

meters 

F10.4 

1 

i 

71-80 

1 

i  row  of  the  SEGLOS  array 
is  sampled  to  obtain  LOS 
segment  lengths.) 

Note  that 

0  <RNGCLB(1)<...  <RNGCLB(I) 
...<RNGCLB(I+1  )<...<“=. 

I  Also  note  that  if  NRNGCL  £8, 
j  then  only  one  card  of  this  type 
I  is  needed;  but,  if  NRNGCL>  8, 

1  then  a  second  card  must  continue 
!  with  RNGCLB(9)  through 
RNGCLB( NRNGCL).  Finally,  _ 

'  RNGCLB  cannot  exceed  10  with 
!  current  dimensioning. 


i 

i 


1 

I  ! 

I 

I 


i 


I 


1 
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ACQUISITION  DATA _ ^CARD  SET 


Card  No .  6a 


Variable  name  UNITS  Format 

VELTBLd.l)  M/S  F10.4 

VELTBL(2,1)  M/S  F10.4 


col umns 

Hescri  ption 

1-10 

VELTBL(I,J)  gives  the  target 
velocity  default  value  in  the 
current  terrain  under 

11-20 

day/night  condition  I  and  weather 
condition  J. 

I  =  1  for  day  time 

2  for  nighttime 

j 

J  =  1  for  "good"  weather 

1 

2  for  "bad"  weather 

I 


I 

I 


i  14-35 
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ACQUISITION  DATA 


CARD  SET 


Card  No.  6b 


Variable  name 


UNITS 


Format 


col umns 


^escri  ption 


VELTBL(1 ,2) 


VELTBL(2,2) 


M/S 


M/S 


F1Q.4 


F10.4 


1-10 


11-20 


(see  previous  page) 
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3.  Response  Time  Data  Block  Input. 


When  reading  response  time  data  into  PREPMS  for  transfer  to 
TAPEll,  the  first  card  (which  indicates  that  a  response  time  data  record 
is  to  be  read)  must  be  of  the  form: 

NEW  RECORD,  record  name,  3 

or 

NEW  REC,  record  name,  3 


where  record  name  is  the  name  of  the  response  time  record  to  be  read 
(see  section  5.3.3.  for  response  time  record  names). 

When  using  the  TEMPORARY  option  with  COPE,  the  response  time 
data  is  headed  by  a  card  of  the  form: 

TEMPORARY,  RESPONSE  TIME 


or 

TEMPORARY,  RESPTIME 


or 

TEMP,  RESPONSE  TIME 
or 

TEMP,  RESPTIME 


Note:  When  the  first  method  (section  2.2.9)  of  modeling  delay 
times  in  COPPERHEAD  mission  communication  and  processing  is  played,  in  COPE, 
the  response  time  distribution  used  is  the  one  defined  by  data  statements 
in  BDATAl  (namely,  the  FSRT  array  -  see  section  4.7.6). 

Because  this  array  is  sampled  to  obtain  response  times,  the 
values  on  cards  4,  5,  and  6  of  this  card  set  are  not  used.  However, 
cards  must  still  be  input  (though  they  may  be  blank)  so  that  the  statements 
which  read  the  later  cards  of  this  set  will  pick  up  the  correct  data. 

The  record  name  used  with  the  data  for  the  first  method  of 
playing  response  time  must  be  RSPDAT0123  unless  one  makes  code  changes 
in  COPE  to  allow  for  others. 

In  any  case  (whether  reading  response  time  data  in  PREPMS  or 
COPE),  the  remaining  cards  of  the  response  time  data  are  as  follows: 
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Variable  name 

NDT 


f^escri  ption 

Number  of  points  to  be  entered 
in  each  row  of  DETTMA  array. 

NDT  ilO  with  current 
dimensions . 


! 

i 

I 

1 


[ 

I 

i 

I 


Hescription 


OETTMA  (1,1)  is  the  probability 
that  the  "detection"  time  is  less 
than  or  equal  to  DETTMA(I,2)  seconds. 


Note ; 

DETTMA  (1  ,1 )  =  0.0  and 
DETTMA  (I )<  DETTMA  (I  +1) 

Also  note  that  if  NDT<8,  only 
one  card  of  this  type  Ts  required; 
if  NDT>  8,  then  a  second  card  is 
required  with  DETTMA  (9,1)  through 
DETTMA  (NDT,1). 


RESPONSE  TIME 


CARD  SET 


Card  No.  3h 


Variable  name 


DETTMA  (2,1) 
DETTMA  (2,2) 


DETTMA  (8,2) 


UNITS 


seconds 

seconds 


seconds 


Format 


FID. 4 
F10.4 


F10.4 


col umns 


1-10 

11-20 

I 


71-80 


Description 


DETTMA  (1,2)  is  the  "detection" 
time  in  seconds  corresponding 
to  DETTMA  (1,1). 

Note; 

“DETTMA  (I  )^  DETTMA  (I+l) 

Also,  if  NDT<8  only  one  card  is 
needed;  if  NDT>8,  then 
DETTMA  (9,2)  through  DETTMA  (NDT,2) 
continue  on  a  second  card. 


i 

i 
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Variable  name 

UNITS 

Format 

col  umns 

Oescri  ption 

BATRTM  (1) 

seconds 

F10.4 

1-10 

BATRTM  (I)  is  the  response  time 
at  the  battery  for  a  Copperhead 
mission  of  type  I . 

BATRTM  (2) 

seconds 

no. 4 

11-20 

I  =  1  for  preplanned  targets 

BATRTM  (3) 

seconds 

F10.4 

21-30 

1  =  2  for  targets  of  opportunity 

1  =  3  for  priority  preplanned  targets 

XMVADF  (1) 

seconds 

F10.4 

31-40 

XMVADF  (I)  is  the  time  required 
to  transmit  message  via  voice 
commo  after  failing  to  transmit 
via  digital  commo. 

XMVADF  (2) 

seconds 

F10.4 

41-50 

1 

I  =  1  for  pre-planned  targets 
(priority  or  not) 

i  I  =  2  for  targets  of  opportunity 
I  Note;  The  first  way  of  modeling  delay 
I  times  does  not  use  the  data  on  cards 


I  4,  5,  and  6;  hence,  they  may  be  left 
blank. 

The  second  way  of  modeling  delay 
times  does  not  use  any  RESPONSE  TIME 
'data  block  values,  so  no  record  is 
:  prepared  corresponding  to  the  PARAM 
i option. 

Finally,  the  third  delay  time 
i  model  uses  all  data  in  the  data  block, 
i  See  sections  2.2.9,  4.4.15  and 

19.23  for  further  details  on  the  three 
.'delay  time  models. 
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Variable  name 

UNITS 

Format 

col umns 

BCSPTM  (1.1) 

seconds 

F10.4 

1-10 

BCSPTM  (2,1) 

seconds 

F10.4 

11-20 

BCSPTM  (1,2) 

seconds 

F10.4 

21-30 

BCSPTM  (2.2) 

seconds 

F10.4 

31-40 

XMTTIM  (1  ,1) 

seconds 

F10.4 

41-50 

XMTTIM  (2,1) 

11 

F10.4 

51-60 

XMTTIM  (1  ,2) 

II 

F10.4 

61-70 

XMTTIM  (2,2) 

li 

F10.4 

o 

CO 

1 

BCSPTM  {I,J)  is  the  battery  com¬ 
puter  system  processing  time  for 
commo  type  I  and  mission  type  J. 

I- =  1  for  digital  commo 
1  =  2  for  voice  commo 
J  =  1  for  pre-planned  target 
(priority  or  not) 

J  =  2  for  target  of  opportunity 
XMTTIM  (I,J)  is  the  commo  trans¬ 
mission  time  for  commo  type  I  and 
and  mission  type  J  where  I  and  J 
are  as  for  BCSPTM  above. 
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RESPONSE  TIME 


CARD  SET 


Card  No. 


6 


UNITS  Format  columns 


TMEAN  (1  ,1 ) 

seconds 

F10.4 

1-10 

TMEAN  (2,1) 

seconds 

F10.4 

11-20 

TMEAN  (1 ,2) 

seconds 

F10.4 

21-30 

TMEAN  (2,2) 

seconds 

no. 4 

31-40 

TSIGMA  (1,1) 

seconds 

F10.4 

41-50 

TSIGMA  (2,1) 

seconds 

F10.4 

!  51-60 

TSIGMA  (1 ,2) 

seconds 

F10.4 

61-70 

TSIGMA  (2,2) 

seconds 

F10.4  i 

71-80 

i 


Variable  name 


iiescription 

TMEAN  (I,J)  is  the  mean  time  for 
DO  to  enter  data  in  the  digital 
message  device  in  day/night  condition 
I  and  mission  type  J. 

I  =  1  for  day  time 
1  =  2  for  night 
J  =  1  for  pre-planned  target 
(priority  or  not) 

J  =  2  for  target  of  opportunity 
TSIGMA  (I'.J)  is  the  standard 
deviation  of  the  distribution  of 
times  required  for  the  DO  to  enter 
data  in  digital  message  device  under 
day/night  condition  I  and  mission 
type  J. 

I  and  J  are  as  defined  above  for 
TMEAN. 
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response  time _ Card  No.  _l 


Variable  name  UNITS  Format  columns  Hescription 

TRARRY  (1,1)  seconds  F10.4  I-IO  TRARRY  (I,J)  is  the  nominal 

response  time  for  mission  type  I 

TRARRY  (2,1)  seconds  F10.4  11-20  and  commo  type  J. 

TRARRY  (3,1)  seconds  F10.4  21-30  I  =  1  for  pre-planned  targets 

1  =  2  for  targets  of  opportunity 
1  =  3  for  priority  pre-planned 

TRARRY  (1,2)  seconds  F10.4  31-40  targets. 

TRARRY  (2,2)  seconds  F10.4  41-50  J  =  1  for  digital  commo 

I 

TRARRY  (3,2)  seconds  F10.4  51-60  J  =  2  for  voice  commo 

Note:  These  nominal  response  times  are 
not  to  include  time-of-flight.  (TOF  is 
I  added  in  COPE  itself  to  obtain  TRBAR). 

i  I  I 
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4.  Direct  Fire  Suppression  Data  Block  Input. 

When  reading  direct  fire  suppressiondata  into  PREPMS  for 
transfer  to  TAPE  11,  the  first  card  (which  indicates  that  a  d^ect 
fire  suppression  data  record  is  to  be  read)  must  be  of  the  form. 

NEW  RECORD,  record  name,  4 


NEW  REC,  record  name,  4 

where  record  name  is  the  name  of  the  direct  fire  suppression  record  to 
be  I^Ld  (see  section  5.3.4  for  direct  fire  suppression  record  names). 

When  using  the  TEMPORARY  option  with  COPE,  the  direct  fire 
suppression  data  is  headed  by  a  card  of  the  form. 


TEMPORARY  DIRECT  FIRE  SUPPRESSION 


TEMPORARY.  DFIRE  SUPPR 


TFMP.  niRFCT  FIRE  SUPPRESSION 


TFMP.  DFIRE  SUPPR 

In  either  case  (whether  reading  direct  fire  suppression  data 
in  PREPMS  or  COPE),  the  remaining  cards  of  the  direct  fire  suppression 
data  are  as  follow: 
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DIRECT  FIRE  SUPPRESSION  c/^rq  SET 


Card  No. 


2 


Hescri  ption 


Number  of  points  to  be  entered 
for  each  of  the  three  rows  of  the 
DFDOKL  array.  (Number  of  range 
points  for  DFDOKL  array). 

With  current  dimensions,  NDFSP^IO. 


direct  fire  suppression 


CARD  SET 


Card  No.  3a 


Variable  name 


UNITS 


Format 


col umns 


Hescri  ption 


DFDOKL  (1,1) 


DFDOKL  (2.1 ; 


meters 


meters 


DFDOKL  (8,1)  meters 


F10.4 

F10.4 

I 


F10.4 


1-10 

11-20 

I 

I 

71-80 


DFDOKL  (1,1)  is  the  range  in  meters 
corresponding  to  a  probability  of  DO 
being  suppressed  (obscured)  of 
DFDOKL  (1,2)  and  a  probability  of 
DO  being  killed  of  DFDOKL  (1,3) 

DFDOKL  (1 .1)  =  0.0  and 
DFDOKL  (I.1)<1  DFDOKL  (I+l  ,1). 

If  NDFSP>8,  then  a  second  card  is 
required  for  DFDOKL  (9.1)  through 
DFDOKL  (NDFSP.l). 
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DIRECT  FIRE  SUPPRESSION 


CARO  SET 


Card  No.  3b 


DIRECT  FIRE  SUPPRESSION  CARD  SET 


Card  No.  3c 


Variable  name 

UNITS 

Format 

columns 

Description 

DFDOKL  (1  ,3) 

j 

F10.4 

1-10 

DFDOKL  (1,3)  is  the  probability 
that  direct  fire  from  the  target  at 

DFDOKL  (2,3) 

F10.4 

11-20 

range  DFDOKL  (1,1)  kills  the  DO. 

1 

1 

1 

If  NDFSP>8,  then  a  second  card  is 

1 

1 

1 

needed  for  DFDOKL  (9,3)  through 

DFDOKL  (8,3) 

F10.4 

i 

1 

00 

o 

DFDOKL  (NDFSP,3) 
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5.  Random  Occurrence  Data  Block  Input. . 


When  reading  random  occurrence  data  in  PREPMS  for  transfer 
to  TAPE  11,  the  first,  card  (wliich  indicates  that  a  random  occurrence 
data  record  is  to  be  read)  must  be  of  the  form: 

NEW  RECORD,  record  name,  5 


or 

NEW  REC,  record  name,  5 

where  record  name  is  the  name  of  the  random  occurrence  record  to  be 
read  (see  section  5.3.5  for  random  occurrence  record  names). 

When  using  the  TEMPORARY  option  with  COPE,  the  random 
occurrence  data  is  headed  by  a  card  of  the  form: 

TEMPORARY, RANDOM  OCCURRENCE  DISTRIBUTION 


or 

TEMPORARY,  RODIST 


or 

TEMP,  RANDOM  OCCURRENCE  DISTRIBUTION 


or 

TEMP,  RODIST 


In  either  case  (whether  reading  random  occurrence  data  in 
PREPMS  or  COPE),  the  remaining  cards  of  the  random  occurrence  data  are 
as  follow: 
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RANDOM  OCCURRENCE  DATA 


CARD  SET 


Card  No . 


2 


Variable  name 


NPLOSR 


UNITS 


Format 


15 


col umns 


1-5 


Description 


Number  of  range  classes  for 
probability  of  LOS  data  for 
random  occurrence. 

Current  dimensions  require 
NPLOSR^IO. 
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L 


RANDOM  OCCURRENCE  DATA  CARD  SET 


Card  No.  _ 3 


Variable  name 


TCRIT 


UNITS 


seconds 


Format 


F10.4 


col umns 


1-10 


Description 


Critical  time  for  laser  designation 
O'.e.,  the  length  of  the  time 
interval  immediately  prior  to  impact 
during  which  the  target  must  be 
continuously  lased  in  order  to  have 
a  successful  Copperhead  mission). 


I 

I 
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RNGPLS  (I)  is  the  upper  limit  of 
the  Ith  range  class  for  random 
occurrence  line  of  sight  data. 


Range  class  1  extends  from  zero 
to  RNGPLS  (1);  range  class  I  for  I?1 
extends  from  RNGPLS  (I)  to 
RNGPLS  (I+l). 

RNGPLS  (I)  “^RNGPLS  (I+l) 


If  NPL0SR>8,  then  a  second  card 
must  be  used  to  contain  RNGPLS  (9) 
through  RNGPLS  (NPLOSR). 


L 


PRBLOS  (1) 

PRBLOS  (2) 
\ 
t 

I 

\ 

PRBLOS  (8) 
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6.  PE  Data  Block  Input. 


When  reading  PE  data  in  PREPMS  for  transfer  to  TAPE  11,  the 
first  card  (which  indicates  that  a  PE  data  record  is  to  be  read)  must 
be  of  the  form: 


NEW  RECORD,  record  name,  6 


or 

NEW  REC,  record  name,  6 

where  record  name  is  the  name  of  the  PE  data  record  to  be  read  (see 
section  5.4  for  PE  record  names). 

When  using  the  TEMPORARY  option  with  COPE,  the  PE  data  are 
headed  by  a  card  of  the  form: 

TEMPORARY,  PEDATA 


or 

TEMP,  PEDATA 


In  either  case  (whether  reading  PE  data  in  PREPMS  or  COPE), 
there  is  an  optional  card  that  can  be  inserted  next: 

USE  TAPE  4 

If  this  card  is  used,  then  the  program  (PREPMS  or  COPE) 
reads  the  remaining  cards  of  the  PE  data  from  I/O  unit  4  instead  of  the 
normal  I/O  unit  5;  if  this  card  is  not  used,  then  the  PE  data  are  read 
from  I/O  unit  5.  In  either  case  (whether  I/O  unit  4  or  5  is  used),  the 
remaining  PE  data  cards  are  as  described  after  this  note: 

Note:  Because  the  PAM  program  (see  Chapter  16)  can  write  the 
PE  data  records  directly  to  TAPE  11  without  any  need  to  run  PREPMS,  it 
is  very  unlikely  that  the  need  will  arise  to  use  PREPMS  (or  COPE)  to 
read  PE  data  as  described  in  this  section;  however,  the  capability  is 
provided. 
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PE  DATA 


CARD  SET 


24 

Card  No.  3a  -  3b 
t600  cards) 


Variable  name 


PETBL 

PETBL 


UNITS 


Format 


F10.4 

F10.4 


col umns 


Hescription 


1-10 

11-20 


PETBL  Cl.J.K)  is  the  probability 
of  engagement  value  for  DO-to-target 
range  K,  visibility  range  J,  and 

inHPY  val ue  I . 


PETBL  (I,J,3) 
PETBL  (I,J,4) 

PETBL 


F10.4 

F10.4 

FI  0.4 


21-30 

31-40 

41-50 


The  values  are  input  seven  per 
card  so  that  K  varies  first,  then  J, 
and  finally  I. 

i  K  =  1  ,2 . 7 

i  J  =  1  ,2,. . .  ,10 
1  1  =  1  ,2, ...60. 


PETBL  (1,0,6) 
PETBL  (1,0,7) 


51-60  j 

61-70  !  This  makes  for  a  total  of  600  cards 

i  with  seven  entries  per  card  in 

!  7F10.4  format. 

j  I 

;  i  i 


F10.4 

F10.4 


! 


! 


I 

I 


i 

I 
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7.  Posture  Data  Block  Input. 


When  reading  posture  data  in  PREPMS  for  transfer  to  TAPE  11, 
the  first  card  (which  indicates  that  a  Target  Posture  data  record  is  to 
be  read)  must  be  of  the  form: 

NEW  RECORD,  record  name,  7 
or 

NEW  REC,  record  name,  7 

where  record  name  is  the  name  of  the  target  posture  data  to  be  read  (see 
section  5.3.6  for  target  posture  record  names). 

When  using  the  TEMPORARY  option  with  COPE,  the  target  posture 
data  are  headed  by  a  card  of  the  form: 

TEMPORARY,  TARGET  POSTURE  DISTRIBUTION 
or 

TEMPORARY,  TGTPSTDIST 
or 

TEMP,  TARGET  POSTURE  DISTRIBUTION 
or 

TEMP,  TGTPSTDIST 

In  either  case  (whether  reading  target  posture  data  in  PREPMS 
or  COPE),  the  remaining  cards  of  the  target  posture  data  are  as  follow: 
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POSTURE  DATA 


CARD  SET 


Card  No. 


Variable  name 


UNITS 


NRNGPS 


Format 


IS 


col umns 


1-5 


Oescri  ption 


Number  of  range  classes  used  for 
target  posture  data. 

Current  dimensions  require 
NRNGPS  ill  0. 
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1 


POSTURE  DATA 


CARD  SET 


Card  Mo. 


Variable  name 


RNGPST  (1) 
RNGPST  (2) 
RNGPST  (3) 

I 

I 


RNGPST  (8) 


meters 


meters 


meters 


;  71-80 


Oescri  ption 

RNGPST  (I)  is  the  upper  limit  of 
the  Ith  range  class  for  posture 
data. 

The  first  range  class  runs  from 
zero  to  RNGPST  (1);  the  Ith  range 
class  extends  from  RNGPST  (I)  to 
RNGPST  (I+l). 

Note  RNGPST  (I  )-<C  RNGPST  (I+l) 
j  Also,  if  NRNGPS>8,  the  a  second 
card  is  required:  for  RNGPST  (9) 

I  through  RNGPST  (NRNGPS). 


I 
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POSTURE  DATA 


CARO  SET 


Variable  name 


PSTTBL  (1  ,1 ) 

PSTTBL  (2,1) 
( 


PSTTBL  (8,1) 


Format 


col  umns 


Card  No. 


Oescription 


PSTTBL  (1,1)  is  the  probability 
that  the  target  is  completely 
obscured  when  at  DO-to-target 
range  RNGPST  (I). 

If  NRNGPS7  8,  then  a  second  card 
is  required  for  PSTTBL  (9,1) 
through  PSTTBL  (NRNGPS,!). 
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PSTTBL  (1,2) 
PSTTBL  (2,2) 


PSTTBL  (8,2) 


I 

I 

71-80 


description 


PSTTBL  (1,2)  is  the  probability 
that  the  target  is  fully  exposed 
when  at  DO-to-target  range 
RNGPST  (I). 


As  usual,  if  NRNGPS>8,  a  second 
card  is  needed  for  PSTTBL  (9,2) 
through  PSTTBL  (NRNGPS,2). 
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POSTURE  DATA 


CARD  SET 


Card  No.  4c 


Variable  name 


PSTTBL  (1.3) 

PSHBL  (2,3) 

I 

I 

I 

PSTTBL  (8,3) 


Hescription 


PSTTBL  (1,3)  is  the  probability 
that  the  target  is  hull  defilade 
(turret  exposed)  when  at  a  DO-to- 
target  range  of  RNGPST  (I). 


Again,  if  NRNGPS?8,  a  second 
card  is  needed  for  PSTTBL  (9,3) 
through  PSHBL  (NRNGPS,3). 
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8.  Invariant  Data  Block. 


11  reading_ invariant  data  in  PREPMS  for  transfer  to  TAPE 
11,  the  Tinst  card  (which  indicates  that  an  invariant  data  record  is 
to  be  read)  must  be  of  the  form: 


NEW  RECORD,  record  name.  8 
or 

NEW  REC,  record  name,  8 


where  record  name  is  the  name  of  the  invariant  data  record  to  be  read 
(see  section  5.3.7  for  invariant  data  record  names). 


Hni-.  •  ™P0RARY  option  with  COPE,  the  invariant 

data  IS  headed  by  a  card  of  the  form: 


TEMPORARY.  INVARIANT 
or 

TEMP.  INVARIANT 


rnpn  (whether  reading  invariant  data  in  PREPMS  or 

COPE),  the  remaining  cards  of  the  invariant  data  are  as  follow: 
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INVARIANT  DATA 


CARD  SET 


Card  No.  2 


Variable  name 


NRNGH 


columns  f^escription 


The  number  of  range  classes  used 
with  the  LDWSS  probability  of  hit 
numbers . 

NRNGTTi  20  with  current  dimensions. 


14-65 


INVARIANT  DATA 


CARO  SET 


Card  No. 


3a  -  3t 


Variable  name 

UNITS 

Format 

col  urans 

RNGTTF  (J) 

meters 

F10.4 

1-10 

TTF  (1,0,1) 

F10.4 

11-20 

TTF  (1,J,2) 

F10.4 

21-30 

TTF  (2,0,1) 

F10.4 

1  31-40 

t 

TTF  (2,0,2) 

F10.4 

1  41-50 

TTF  (3,0,1)  i 

F10.4 

i  51-60 

TTF  (3,J,2) 

i 

j 

i 

i 

i 

!  F10.4 

i 

i 

( 

j 

!  61-70 

j 

fiescn'ption 

RNGTTF  (J)  is  the  Ith  range  at 
which  probability  of  hit  data  is 
entered.  RNGTTF  (1)  =  0.0  and 
RNGTTF  (I  )<  RNGTTF  (I+l ). 

TTF  (I,J,K)  is  the  probability 
of  hit  at  range  J  using  designator 
type  I  against  a  target  in  posture  K. - 
I  =  1  for  GLLD 


I  =  2  for  MULE 

I  =  3  for  LTD 

K  =  1  for  fully  exposed 

K  =  2  for  hull  defilade  (turret 
exposed) 

There  will  be  NRNGTT  cards  of  this  type 
with  each  card  containing  the  same 
data  points  as  its  predecessor  but 

fnr  thp  npyt  ,1  valuP. 


There  will  be  a  maximum  of  20  such 


I  cards. 
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INVARIANT  DATA 


CARO  SET 


Card  No. 


Variable  name 

UNITS 

DLTT  (1) 

seconds 

DLH  (2) 

seconds 

DLTT  (3) 

seconds 

DLTT  (4) 

seconds 

DLTT  (5) 

seconds 

DLTT  (6) 

seconds 

Format 

col umns 

F10.4 

1-10 

F10.4 

11-20 

F10.4 

21-30 

F10.4 

31-40 

F10.4 

41-50 

no. 4 

j  51-60 

i 


i 

i 


I 


Description 

DLTT  (I)  is  the  Ith  response 
time  delay  value  to  be  used  in 
interpolating  with  respect  to 
delay  time  in  the  PETBL  array. 

DLTT  (1)  =  0.0  and 
DLTT  (I)  ^  DLTT  (I+l). 
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INVARIANT  DATA 


Card  No.  5a 


CARD  SET 


Variable  name 


UNITS 


PKTBL  (1,1) 
PKTBL  (2.1) 
PKTBL  (3,1) 
PKTBL  (4,1  ) 
PKTBL  (5,1) 
PKTBL  (6,1) 
PKTBL  (7,1) 


Format 

F10.4 
F10.4 
F10.4 
F10.4 
F10.4 
FI  0.4 
F10.4 


col  utnns 

description 

1-10 

PKTBL  (1,1)  is  the  probability 
of  kill  given  a  Copperhead  hit 

11-20 

against  target  type  I  in  a  fully 
exposed  posture , 

21-30 

31-40 

41-50 

1 

51-60  i 

61-70 

1 


I 

i 


i 

I 
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lescn'ption 


PKTBL  (1,2)  is  the  probability 
of  kin  given  a  Copperhead  hit 
against  target  type  I  in  a  hull 
defilade  (turret  exposed) 
posture. 
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14.4.3  REPORT  RECORD  LIST  Directive.  The  third  type  of  input 
to  PREPMS  is  a  line  of  the  form: 


REPORT  RECORD  LIST 


or 

REP  REC  LIST 


Inserting  this  line  (card  or  card  image)  in  the  PREPMS  input 
will  cause  the  program  to  print  a  list  of  the  names  of  the  records  on 
TAPE  11  at  the  time  the  line  is  encountered. 

The  usual  practice  is  to  place  a  line  of  this  type  in  the  input 
after  all  of  the  option  word  records  and  data  block  records  so  that  the 
list  produced  will  include  all  of  the  records  created  by  the  current  run. 

An  example  of  the  list  produced  is  shown  in  Appendix  C. 

14.4.4  INTERPRET  PEDATA  Directive.  The  fourth  type  of  input 
to  PREPMS  is  a  line  of  the  form: 

INTERPRET  PEDATA 


Inserting  a  line  of  this  form  in  the  PREPMS  input  will  cause 
the  program  to  print  a  list  of  the  names  of  the  current  PE  data  records 
on  TAPE  11  as  well  as  the  values  of  the  nine  parameters  corresponding  to 
each  such  record  (see  section  5.4). 

14.5  PREPMS  Output. 

PREPMS  writes  to  two  files,  TAPE  11  and  TAPE  6  (also  called 
OUTPUT).  TAPE  11  receives  the  data  block  records,  the  option  word  records, 
the  record  named  OPTNNUMS  (which  is  automatically  maintained  by  PREPMS 
with  no  user  attention),  and  the  record  index  array  which  is  automatically 
maintained  by  the  CDC  word  addressable  mass  storage  file  facilities.  TAPE 
6  (usually  a  line  printer)  is  a  sequential  file  on  which  PREPMS  echoes 
the  inputs  that  create  the  data  block  records  and  option  name  records  as 
well  as  prints  the  lists  generated  by  INTERPRET  PEDATA  and  REPORT  RECORD 
LIST  directives. 

A  sample  of  PREPMS  output  (TAPE  6)  is  given  in  Appendix  C,  so 
further  discussion  is  not  given  here. 
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14.6  PREPMS  Diagnostic  Messages. 

Since  several  of  the  subroutines  used  by  PREPMS  are  similar  to 
those  used  in  COPE,  any  diagnostic  messages  not  found  in  this  section 
(which  gives  only  the  PREPMS-peculiar  messages)  should  be  given  in  Chapter 


14.6.1  Messages  of  Informational  Nature  Not  Terminating  Program. 

1.  **PREPMS**  NON-FATAL  WARNING!  YOU  HAVE  SEQUENCE  NUMBERS 
IN  COLS.  73-78  OF  TAPE5.  THEY  WILL  BE  REMOVED  BY  THE  PROGRAM;  HOWEVER,  THE 
RESULTS  MAY  BE  SUSPECT" 

This  message  is  generated  in  SEPRC2  and  is  caused  when  the 
computer  detects  editor  sequence  numbers  in  the  INPUT  file  (see  section  7.1). 

This  message  does  not  stop  the  program;  however,  it  is  very 
probable  that  the  wrong  data  has  been  used  if  this  message  is  printed. 

Great  care  should  be  taken  to  assure  that  the  OUTPUT  shows  the  correct 
(intended)  values  and  that  no  sequence  numbers  were  taken  as  input. 

Note  that  the  sequence  numbers  are  removed  only  from  those 
lines  entered  in  free  format.  All  lines  entered  as  formatted  data  will 
still  have  sequence  numbers  which  may  be  read  instead  of  the  intended 
data  (for  columns  73-78). 


To  avoid  this  problem,  one  should  always  use  an  80  character 
line  length  when  editing  the  input  file  for  PREPMS  (i.e. ,  F,CH=80  on  CDC). 

2.  **PREPMS**  THIS  IS  A  CREATION  RUN  FOR  RECORD  OPTNNUMS. 

This  message  is  not  really  a  diagnostic  but  merely  indicates  to 
the  user  that  this  run  of  PREPMS  creates  a  new  TAPE  11.  If  this  message 
is  not  present,  it  means  that  the  current  PREPMS  run  is  modifying  an 
existing  TAPE  11  rather  than  creating  a  new  one. 


1.  STOP  IN  PREPMS:  ERROR  NUMBER  1. 


This  stop  occurs  v/hen  the  program  has  read  an  input  card  which 
should  be  the  first  card  of  one  of  the  four  input  types  of  section  14.4, 
but  does  not  recognize  the  card  as  one  of  those  four  types. 


This  error  is  most  likely  to  happen  when  either  the  card  is 
mispunched  or  the  previous  input  set  (especially  if  it  was  type  1  or  type 
2  input)  has  the  wrong  number  of  cards. 
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2.  STOP  IN  PREPMS:  ERROR  NUMBER  2. 

This  error  occurs  when  the  third  field  of  a  type  1  card  of  a 
type  1  input  is  not  a  number.  (That  is,  the  option  word  record  input 
type  starts  with  a  card  that  has  a  non-numeral  for  the  value  of  NREAD. 
See  section  14.4.1  for  the  correct  form  of  this  card  type). 

3.  STOP  IN  PREPMS:  ERROR  NUMBER  3. 


This  error  occurs  when  the  fourth  field  of  a  type  1  card  (the 
value  of  NOPTl )  of  a  type  1  input  is  not  a  number.  (See  section  14.4.1 
for  the  correct  form  of  this  card  type). 

4.  STOP  IN  PREPMS:  ERROR  NUMBER  4. 

This  error  occurs  when  the  first  field  of  a  type  2  card  of  a 
type  1  input  is  not  a  number.  Again,  see  section  14.4.1  for  the  correct 
form  of  this  card. 

5.  STOP  IN  PREPMS:  ERROR  NUMBER  5. 

This  error  occurs  when  the  second  field  of  a  type  2  card  of  a 
type  1  input  is  not  a  number.  See  section  14.4.1  for  the  correct  form  of 
this  card. 

6.  STOP  IN  PREPMS:  ERROR  NUMBER  6. 

This  error  occurs  when  the  third  field  of  the  first  card  of  a 
type  2  input  is  not  a  number.  See  section  14.4.2  (subsections  1  through 
8)  for  the  proper  first  card  form  for  this  input  type. 

7.  STOP  IN  PREPMS:  PROGRAM  TERMINATION. 

This  means  that  the  program  reached  the  end  of  a  file  on  TAPE  5 
(INPUT)  without  any  errors  detected.  It  is  the  message  that  accompanies 
a  successful  run,  but  of  course  it  is  no  guarantee  that  the  data  are 
correct  (only  that  they  are  formatted  in  a  valid  form). 

8.  STOP  IN  SEPRC2:  ERROR  NUMBER  1. 

This  stop  occurs  only  if  the  number  of  fields  on  a  free  formatted 
input  card  is  greater  than  10  or  less  than  or  equal  to  0. 
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CHAPTER  15 


15.  PRBLOS  PREPROCESSOR 

The  PRBLOS  preprocessor  is  used  to  calculate  the  probability 
that  a  target  randomly  located  along  a  route  of  approach  within  a  certain 
designator-to-target  range  band  will  be  in  the  li ne-of-sight  of  the 
designator  for  at  least  the  final  critical  seconds  of  the  COPPERHEAD 
trajectory. 

This  chapter  gives:  (1)  the  mathematical  derivation  of  the 
method  for  computing  the  probability  mentioned  above,  (2)  a  description 
of  the  program,  (3)  a  glossary  of  program  variables,  (4)  description  of 
inputs,  and  (5)  description  of  outputs.  A  program  listing  along  with 
sample  inputs  and  the  resulting  outputs  are  given  in  Appendix  B. 

15.1  Method  For  Calculating  PRBLOS. 

For  a  particular  designator-to-target  range  band  (e.g.,  ranges 
2000m  to  3000m)  define  F  and  G  to  be  the  cumulative  distribution  functions 
for  in-view  and  out-of-view  segment  lengths  respectively.  That  is,  the 
probability  that  a  randomly  selected  LOS  segment  for  the  given  range  band 
is  of  length  less  than  or  equal  to  X  is  F(X);  the  probability  that  a 
randomly  selected  out-of-view  segment  in  the  given  range  band  is  of  length 
lessthan  or  equal  to  X  is  G(X). 

Let  tc  be  the  critical  time;  that  is  the  time  interval  at  the 
end  of  the  COPPERHEAD  trajectory  during  which  the  target  must  be  designated 
in  order  for  the  COPPERHEAD  to  track  and  hit  the  target.  Also,  let  v^  be 
the  target  velocity  (target  velocity  is  assumed  constant). 

Then  the  history  of  a  target's  exposure  can  be  thought  of  as  a 
sequence  of  alternating  in-view  and  out-of-view  segments.  For  example, 

the  sequence  f] ,  g] ,  f2,  g2,  fjj  93 - .hp,  where  the  fi's  are  in-view 

segment  lengths  forming  a  sample  from  a  population  of  segment  lengths 
distributed  according  to  the  cumulative  distribution  F,  the  g-j's  are  out- 
of-view  segment  lengths  forming  a  sample  from  a  population  of  segment 
lengths  distributed  according  to  cumulative  distribution  G,  and  h^  is  the 
last  segment  which  is  either  an  f-j  or  a  g-j  depending  on  whether  the  final 
segment  is  in- view  or  out-of-view. 

Then  for  a  particular  target's  exposure  (i.e.,  in-view,  out-of¬ 
view)  history,  one  can  calculate  its  probability  of  being  in-view  as 
probability  target  is  in- view  =  fraction  of  target's  path  in- view  = 

N 

Z^i 

_ if] _ 

N  M 

I  ^i  ^  Z  9i- 

i=l  i=l 

where  M  is  equal  to  either  N  or  N-1  depending  on  whether  the  last  segment  is 
respectively  out-of-view  or  in-view. 
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In  our  problem  though,  we  do  not  want  the  probability  that  the 
target  is  in-view,  but  rather  the  probability  that  it  is  in-view  and  will 
remain  in-view  for  the  next  t^  time  units.  This  means  that  the  target 
must  be  in  an  in-view  segment  and  be  at  least  tc*vt  distance  from  the  end 
of  that  segment.  The  probability  that  the  target  is  in  such  a  location 
is  equal  to  the  fraction  of  the  target's  path  that  consists  of  points 
that  are  in- view  and  at  least  a  distance  tc*v^  from  the  next  out-of-view 
segment. 


For  each  in-view  segment  either  (1)  f^  £t(;*vt  in  which  case 
that  in-view  segment  contributes  nothing  to  the  total  path  length  satisfying 
the  conditions,  or  (2)  f^  >  tc*vt  distance  from  the  next  out-of-view  segment. 

Therefore,  we  have: 

probability  target  is  in-view  and  at  least  tc*vt  distance  from  next  out- 
of-view  segment  = 

fraction  of  target's  path  that  is  in-view  and  at  least  tc*vt  distance 
from  the  next  out-of-view  segment  = 

N 

^  max  {0, 

_ if! _ 

N  M 

Z  T-  ^  Z 

1=1  1=1 


where  M  and  N  are  as  before  and  max  {0,  t-j  -  tc*vt}  is  the  length 
contributed  by  the  ith  in-view  segment  to  the  total  path  length  that 
is  in-view  and  at  least  t(;*vt  away  from  the  next  out-of-view  segment. 

Note:  max  {0,  fi-tc*vt}  means  that  the  ith  term  of  the 
sum  is  to  be  the  maximum  of  the  two  quantities  0  and  (fi-t(;*V't;). 

Let  S-j  =  max  {0,  fi-t(;*vt}  then  the  S-j's  can  be  obtained 
by  sampling  f-j's  from  a  population  with  cumulative  distribution  F  and 
then  applying  the  formula  S-j  =  max  {0,  fi-tc*vt}  •  This  is  equivalent 
to  sampling  from  a  population  with  cumulative  distribution  S  where: 

S(0)  =  F(tc*vt)  and 

S(X)  =  F(x  +  t(;*vt)  for  X  >  0. 
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Hence,  our  probability  that  the  target  is  in-view  and  at  least 
tc*vt  from  the  next  out-of-view  segment  can  be  v^ritten: 


1 

N 


1 

N 


N 

I 

i=l 

N 

I 

i=l 


max 


fi 


{0,  f.-Vv^} 


M 

9i 

N 

1=1 


Now  to  obtain  an  overall  estimate  of  this  probability  (which  we 
call  PRBLOS)  we  can  imagine  that  we  let  our  target  wander  back  and  forth 
over  the  various  paths  in  the  given  range  band.  As  this  is  done,  N  “ 
(and  al  so  M/N  1 )  so  that 

N 

ly  f .  Mx  (mean  of  f.  population) 

1=1 


1 

N 


M 


I 

1=1 


M 

9-  ^  ^ 
1  N 


1  ^ 


i=l 


M 

N  9 


M 


(mean  of  g^. 


population) 


ij;  max  {0, 
i=l 


N 

iy  (mean  of  s.  population) 

i=l 


Therefore, 


PRBLOS  = 


M 


s 

+  M 


9 


is  used  as  the  probability  that  a  vehicle  randomly  located  in  a  given  range 

band  is  in-view  (from  the  designator's  position)  and  will  remain  in-view  for 

at  least  t  time  units, 
c 
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15.2  Description  of  PRBLOS  Program  and  Glossary  of  Variables. 


The  program  is  extremely  simple  and  consists  of  nothing  but  the 
steps  required  to  perform  the  calculations  described  in  15.1  as  well  as 
to  read  the  input  and  print  the  results. 

The  program  can  be  summarized  as  four  main  steps: 

(1)  Read  the  input  for  the  next  case  and  print  it  for  checking 
purposes;  if  no  input,  stop. 

(2)  Form  the  modified  distribution  (the  one  with  cumulative 
distribution  function  S  in  section  15.1)  and  print  it. 

(3)  Calculate  the  means  of  the  three  distributions  F,  G,  and  S 
(i.e.,  Mf,  Mg,  Mg)  and  from  that  calculate  PRBLOS. 

(4)  Print  PRBLOS  and  return  to  step  (1)  to  see  whether  there 
is  another  case. 

The  subroutine  AVEL  of  the  program  computes  the  mean  of  a 
distribution  with  cumulative  distribution  function  F  by  using  the  formula: 

U  U 

M.  =  /  xf(x)dx  =  UF(U)-LF(L)  -/  F(x)dx 

L  i 

where  f  is  the  probability  density  function  (i.e.,  f  =  F'  almost 
everywhere)  and  U  and  L  are  respectively  the  upper  and  lower  bounds  of 
the  distribution  (in  our  cases,  0_<L<U<~). 

Since  F  is  defined  in  the  program  by  an  array  of  ordered  pairs 
(x-j,  F-j )  i  =  1,  2...K  where  F-j  =  probability  that  x  is  less  than  or  equal 
to  x-j,  it  is  possible  to  approximate  the  right  most  integral  by: 

U  K-1 

(*)  J  F(x)dx=^l  j  ^^i+r^i)^'^i+l+'"l  )• 

L 

flence,  the  subroutine  AVEL  calculates  the  mean  of  a  population 
with  cumulative  distribution  function  F  using  the  formula: 

K-1 

^f  "  ^K  “  ^l*"!  ~  ^^''i+l'*'^i 

i=l 

The  actual  variable  names  used  in  the  program  are  different  from 
those  used  in  sections  15.1  and  15.2;  however,  they  are  defined  in  the 
variable  glossary  so  understanding  should  be  fairly  easy. 
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GLOSSARY  OF  PRBLOS  VARIABLES  -  CONTINUED 
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15.3  PRBLOS  Inputs. 

For  each  case  that  is  to  be  run  with  the  PRBLOS  program, 
a  set  of  input  cards  (or  card  images)  composed  of  card  types  1 
through  5b  must  be  prepared.  Multiple  cases  can  be  run  by  simply 
stacking  card-sets  for  the  various  cases  one  after  another.  The 
first  card  of  each  case  has  room  (columns  21  through  80)  for  an  iden¬ 
tifying  alphanumeric  string  which  is  reproduced  on  output  for 
easier  case  identification.  The  program  runs  all  cases  until  it 
either  runs  out  of  input  or  encounters  an  illegal  input  value. 

Since  the  normal  use  of  the  PRBLOS  program  is  to 
calculate  the  values  to  fill  the  RANDOM  OCCURRENCE  Data  Block 
of  COPE  (in  particular  the  PRBLOS  array),  each  case  run  of  the 
PRBLOS  program  corresponds  to  a  given  terrain,  target  velocity, 
and  range  band  combination.  For  consistency,  the  data  for 
PRBLOS  should  be  obtained  from  the  same  source  as  the  SEbLUb  aata 
for  COPE.  (Indeed,  there  is  no  reason  why  for  a  given  terrain 
the  same  values  cannot  be  used  for  PRIV(I,1)  as  for  SEGLOS 
and  for  PRIV(I,2)  as  for  SEGLOS  (I,J)  in  the  (J-l)th  range  band.) 
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TGTVEL,  TC.  A 


CARD  SET 


CARD  NO.  1 


VARIABLE  NAME  UNITS  FORMAT  COLUMNS  DESCRIPTION 


TGTVEL  meters/sec.  F10.4  l-IO 
TC  seconds  FI0.4  11-20 
A(I)  AIO  21-30 


A(2) 

A(3) 

A(4) 

A(5) 

A(6) 


AIO  31-40 
AIO  41-50 
AIO  51-60 
AIO  61-70 
AIO  71-80 


The  velocity  of  the  target 
The  critical  time 

A(l)  through  A(6)  can  be  used  to  hold  up  to 
60  characters  of  case  heading  which  are  copied 
from  this  card  to  the  first  output  line  of 
each  case.  This  has  no  effect  on  calculations 
but  enables  the  user  to  label  the  cases. 
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NIV  CARD  SET  CARD  NO. 


VARIABLE  NAME 

UNITS 

FORMAT 

COLUMNS 

DESCRIPTION 

•NIV 

15 

1-5 

This  is  the  number  of  points  to  be  read 
to  describe  the  cumulative  in-view  segment 
length  distribution. 

NIV  controls  reading  of  PRIV: 

PRIV  (I.l)  for  1=1 ,2..., NIV 

PRIV  Cl, 2)  for  1=1, 2..., NIV 

• 

j 

• 

j 

1 

NOTE:  Current  program  dimensions  require 

NIV  <  20. 
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PRIV  (1,1) 


CARD  SET 


CARD  NO.  3a 


VARIABLE  NAME 

UNITS 

FORMAT 

COLUMNS 

DESCRIPTION 

PRIVdJ) 

Flo. 5 

1-10 

PRIV(I,1)  is  the  probability  that  a  randomly 

chosen  in-view  segment  has  length  less 
than  or  equal  to  PRIV(I,2). 

PRIV(2,I) 

Flo. 5 

11-20 

NOTE:  ' 

PRIV(3J) 

F10.5 

21-30 

PRIV(I,1)  <  PRIV(I+1,1)  for 

I  =  1,2,  NIV-1; 

PRIV(4,1) 

F10.5 

31-40 

0  <  PRIV(I,1)  <  1  for 

I  =  1,2...,NIV;  and 

PRIV(5,I) 

F10.5 

41-50 

PRIV(NIV,1)  =  1.0 

PRIV(6,1) 

PRIV(7,1) 

F10.5 

F10.5 

51-60 

If  NIV  >  8,  then  an  additional  card  (or  two) 
is  needed  for  PRIV(9,1)  through  PRIV{NIV,1) 

61-70 

The  additional  card(s)  should  have  8F10.4 
format  also. 

PRIV(8,1) 

F10.5 

71-80 

PRIV(I,1)  and  PRIV(I,2)  together  correspond 
to  the  F^.  and  X^.  values  respectively  (in  the 

1 

! 

notation  of  section  15.2)  for  the  in-view 
distribution. 
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PRIV  (1.2) 


CARD  SET 


CARD  NO.  3b 


VARIABLE  NAME 


FORMAT  COLUMNS 


DESCRIPTION 


PRIV(1,2)  meters. 
PRIV(2,2)  meters 
PRIV(3,2)  meters 
PRIV(4,2)  meters 
PRIV(5,2)  meters 
PRIV(6,2)  meters 
PRIV (7, 2)  meters 


PRIV(8,2) 


PRIVCI>2)  is  the  in-view  segment  length 
corresponding  to  cumulative  probability 
PRIVCI.I) 

NOTE; 

PRIV(I,2)  <  PRIV(I+1,2)  for 
I  =  1,2 . NIV-1 


If  NIV>8,  then  an  additional  card  (or  two) 
is  needed  for  PRIV(9,2)  through 
PRIV(NIV,2).  The  additional  card(s)  have 
8F10.4  format. 


meters 
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NOOV 


CARD  SET 


4 


CARD  NO. 


VARIABLE  NAME 

UNITS 

FORMAT 

COLUMNS 

DESCRIPTION 

NOOV 

15 

1-5 

NOOV  is  the  number  of  points  to  be  read  to 
describe  the  cumulative  out-of-view  segment 
length  distribution. 

NOOV  controls  reading  of  PROOV: 

PROOV(I.l)  for  1=1, 2..., NOOV 

PROOV(I,2)  for  1=1, 2.,., NOOV 

1 

i 

1 

NOTE:  Current  dimensions  require 

NOOV  <  20. 
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PROOV  CU) 


CARD  SET 


CARD  NO. 


5a 


VARIABLE  NAME 


UNITS 


FORMAT 


COLUMNS 


DESCRIPTION 


PROOV(IJ) 

PR00V(2J) 


F10.4  1-10 

F10.4  11-20 


PROOVCI.I)  is  the  probability  that  a  randomly 
chosen  out-of-view  segment  has  length 
less  than  or  equal  to  PR00V{I,2). 


PR00V(3,1) 

PR00V(4,1) 

PR00VC5,1) 

PR00V(6,1) 


F10.4 

F10.4 

F10.4 

F10.4 


21-30 

31-40 

41-50 

51-60 


NOTE; 

PR00V(I,1)  <  PROOV  (1+1,1)  for 
I  =  1,2,...,N00V-1; 

0  <  PR00V(I,1)  <  1.0  for 
I  =  1,2...,  NOOV;  and 
PROOV  (N00V,1)  =  1.0 


PR00V(7,i; 

PR00V(8,i; 


F10.4  61-70 

F10.4  71-80 


If  NOOV  >  8,  then  an  additional  card(or  two) 
is  needed  for  PR00V(9,1)  through  PR00V(N00V,1 ) . 
The  additional  card(s)  should  have  8F10.4 
format . 


PR00V(I,1)  and  PR00V(I,2)  correspond  to  a 
point  on  the  cumulative  distribution 
G  of  section  15.1  (a  point  with  coordinates 
(PR00V(I,2)  ,PR00V(I,1))  in  the  usual  notation. 
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l 


VARIABLE  NAME 


UNITS 


FORMAT 


COLUMNS 


DESCRIPTION 


PR00VCI,2) 

PR00V(2,2) 

PR00V(3,2) 

PR00V(4,2) 

PR00V(5,2) 

PR00V(6,2) 

PR00V(7,2) 

PR00V(8,2) 


meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 


F10.4 

1-10 

F10.4 

11-20 

F10.4 

21-30 

F10.4 

31-40 

F10.4 

41-50 

F10.4 

51-60 

FT0.4 

61-70 

F10.4 

71-80 

PR00V(I,2)  is  the  out-of-view  segment 
length  corresponding  to  cumulative 
probability  PROOV  (1,1). 


NOTE: 

PR00V(I,2)  <  PROOV  (1+1,2)  for 
I  =  1,2,...,N00V-1; 

0.0  <  PR00V(I,2)  <  1 .0  for 
1  =  1,  2 . NOOV. 


If  NOOV  >  8,  then  an  additional  card 
(or  two)  is  needed  for  PR00V(9,2)  through 
PR00V(N00V,2) .  The  additional  card(s) 
have  8F10.4  format. 
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15.4  PRBLOS  Output  and  Diagnostics. 

15.4.1  Output.  The  output  of  the  PRBLOS  program  is  very  brief 
and  easy  to  understand. 


For  each  case  run,  the  first  line  of  output  prints  the  case 
identifier  (if  any).  The  next  line  prints  the  garget  velocity  and  critical 
time  values.  Then  comes  the  PRIV  array  preceded  by 

array  preceded  by  NOOV  and  the  PRIVM  array  preceded  by  NIVM.  Finally,  it 
prints  the  average  segment  lengths  of  the  three^^distributions  and  the 
PRBLOS  value  followed  by  the  words  "END  OF  CASE". 


In  the  special  case  that  t 
possible  in-view  segment,  a  message 
the  value  of  PRBLOS  (namely,  0.0). 
pri nted. 


(.*vt  is  greater  than  the  longest 
to  that  effect  is  printed  along  with 
In  this  case,  the  PRIVM  array  is  not 


Note  that  PRBIVM  is  labeled  PRBLOS  when  printed.  (This  is 
because  PRBIVM  is  a  second  choice  name  for  PRBLOS  used  only  because  the 
program  card  name  PRBLOS  prevented  the  use  of  a  variable  PRBLOS  in  the 
program). 

A  program  listing  as  well  as  sample  input  and  output  for  PRBLOS 
is  contained  in  Appendix  B. 


15.4.2  Diagnostic  ("STOP")  Messages  in  Dayfile. 


1.  STOP  END  OF  INPUT. 

This  message  means  that  the  program  has  encountered  the  end  of 
file  of  TAPES  (INPUT).  This  is  the  normal  program  termination  message, 
but  of  course,  it  is  no  guarantee  that  the  results  are  correct. 

2.  STOP  NIV>20  EXCEEDS  DIMENSIONS  OF  PRIV  ARRAY. 

This  message  means  the  user  attempted  to  read  in  an  NIV  value 
greater  than  20.  It  may  occur  because  NIV  is  not  right  justified  in^ 
columns  1-5  of  its  input  card.  Of  course,  it  may  also  occur  if  NIV  is 

really  greater  than  20;  if  this  is  the  case,  then  the  user  must  either 

use  fewer  points  to  describe  PRIV  or  redimension  PRIV  in  the  program  (and 
change  N1  in  first  call  of  AVEL.  Redimensioning  of  PRIVM  and  changing  N1 
in  the  third  call  of  AVEL  may  also  be  required). 

3.  STOP  N00V>20  EXCEEDS  DIMENSIONS  OF  PROOV  ARRAY. 

This  message  means  the  user  attempted  to  read  in  an  NOOV  value 
greater  than  20.  It  may  occur  because  NOOV  is  not  right  justified  in 
columns  1-5  of  its  input  card.  Of  course,  it  may  also  occur  if  NIV  is 

really  greater  than  20;  if  this  is  the  case,  then  the  user  must  either 

use  fewer  points  to  describe  PROOV  or  redimension  PROOV  in  the  program 

(and  change  N2  in  the  second  call  of  AVEL). 
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Next  page  is  blank. 


CHAPTER  16 


16.  PAM  PREPROCESSOR 

Unlike  the  other  programs  documented  in  this  report  (COPE, 

PREPMS,  and  PRBLOS),  the  PAM  program  was  not  written  by  the  author  of 
this  report.  Since  the  author  (Michael  Starks,  GWD,  AMSAA)  of  PAM  will 
document  it  in  a  separate  report,  this  chapter  is  limited  to  a  brief 
explanation  of  the  program's  purpose  and  a  description  of  the  input. 
Appendix  A  contains  a  program  listing  as  well  as  sample  inputs  and  outputs. 

16.1  General  Description  of  PE  Program  (PAM). 

The  PAM  program  is  used  to  compute  the  probability  of  engagement 
of  the  target  by  the  COPPERHEAD  seeker.  More  precisely,  probability  of 
engagement  (PE)  is  the  probability  that  the  COPPERHEAD  seeker  receives 
enough  reflected  laser  energy  from  the  target  for  the  COPPERHEAD  round  to 
initiate  maneuver  toward  the  target  and  that  the  target  is  within  the 
maneuver  footprint  of  the  COPPERHEAD. 

The  PAM  model  produces  a  table  of  4200  PE  values  (6  cloud 
ceiling  altitudes  x  10  meteorological  visibility  limits  x  5  delay  times  x 
7  designator-to-target  ranges  x  2  "MUTS"  factors).  (The  multi-unit  target 
factor  ("MUTS"  factor)  allows  TEE  to  be  reduced  when  the  predicted  impact 
point  is  bracketed  by  a  column  of  target  vehicles.) 

Such  a  table  then  has  PE  values  as  a  function  of  cloud  ceiling, 
visibility  limit,  delay  time,  MUTS  factor,  and  designator-to-target  range. 
In  addition,  the  set  of  PE's  in  the  table  is  a  function  of  the  9  parameters 
mentioned  in  section  5.4  (namely,  nominal  response  time,  designator  type 
(power),  target  velocity,  gun-target  range,  reflectivity  of  target,  angle 
T,  deflection  bias  (distance  between  footprint  centroid  and  target  path 
point  of  closest  approach),  target  heading,  and  seeker  sensitivity). 

Hence,  for  each  different  combination  of  values  of  the  9  parameters  a 
different  set  of  PE  values  is  needed  which,  in  turn,  requires  another  run 
of  the  PAM  program. 

The  PAM  program  includes  the  code  mentioned  in  section  5.4  that 
generates  PE  data  block  record  names  from  the  values  of  the  9  parameters. 
The  subroutine  PENAM2  is  included  in  PAM  and  is  identical  to  the  PENAME 
subroutine  in  COPE  and  PREPMS  except  for  the  change  in  name  and  the  fact 
that  the  data  statement  for  the  XVALUE  array  is  included  in  PENAM2  rather 
than  in  a  separate  BLOCK  DATA  subprogram  as  in  COPE  and  PREPMS.  The 
error  stops  with  messages  produced  by  PENAM2  correspond  to  those  for 
PENAME  as  explained  in  section  7.5. 
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Assuming  that  the  user  runs  PAM  with  values  of  the  9  parameters 
that  are  permitted  by  RENAME  (see  section  5.4  and  discussion  of  XVALUE 
array),  then  a  PE  DATA  record  name  is  generated.  The  PE  values  are 
loaded  in  the  arrays  PE  (for  writing  to  TAPE  11  as  a  PE  data  record  for 
use  by  COPE)  and  PENG  (for  writing  to  TAPE  6  (output)  to  provide  a  hard 
copy  of  the  PE  values). 

In  order  that  the  values  written  to  TAPE  11  are  accessible  by 
COPE,  of  course,  it  is  necessary  to  catalog  TAPE  11  and  use  it  with  the 
COPE  runs.  The  interface  between  PAM  and  COPE  has  been  covered  in  section 

5.4. 


The  output  of  PAM  consists  mainly  of  the  inputs  which  are  echoed 
for  checking  purposes  (some  of  the  angles  are  converted  to  radians  before 
being  printed).  The  PE  values  are  printed  in  70  groups  of  60  (6  cloud 
ceiling  altitudes,  10  visibility  limits)  with  each  group  corresponding  to 
a  particular  designator-to-target  range,  time  delay,  and  MUTS  factor 
combi  nation. 

A  program  listing  together  with  sample  inputs  and  outputs  is 
included  in  in  Appendix  A. 

16.2  PAM  Inputs. 

The  PAM  program  takes  all  its  inputs  in  free  format  (in  CDC 
terminology,  it  uses  list-directed  reads).  This  means  that  on  each  card 
in  the  following  description  that  takes  more  than  one  variable,  the  values 
of  the  variables  are  punched  one  after  another  with  commas  between 
successive  values.  (See  sample  input  in  Appendix  A). 
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ETH 


2 


CARD  SET 


CARD  NO. 


VARIABLE  NAME 


UNITS 


FORMAT 


COLUMNS 


DESCRIPTION 


ETH 


Joules/kiri2 


Free 


ETH  is  the  energy  threshold. 
That  is,  the  amount  of  energy/ 
area  that  must  reach  the  seeker 
to  initiate  maneuver. 


AOF _ CARD  SET  CARD  NO.  3 

VARIABLE  NAME  UNITS  FORMAT  COLUMNS  DESCRIPTION 

flOF  Dparees  Free  AOF  is  the  angle  of  fall  of 

the  COPPERHEAD  round  (measured 
from  the  horizontal). 


TH.PCA 


4 


CARD  SET 


CARD  NO. 


AZDT,  V,  RHQ,  ED.  TR  CARD  SET 


5 


CARD  NO. 


VARIABLE  NAME 


FORMAT 


COLUMNS 


DESCRIPTION 


AZDT 


V 

RHO 

ED 

TR 


Degrees 

Meters/Sec 

Mi  1 1  i  joules 
Seconds 


Free 


Free 

Free 

Free 

Free 
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AZDT  is  the  angle  T  (that  is,  the 
angle  between  the  designator-target 
line  and  gun-target  line  measured 
counter-clockwise  from  the  gun- 
target  line.)* 

V  is  the  target  velocity. 

RHO  is  the  target's  reflectivity. 

Designator  energy. 

Nominal  respone  time  (time  from 
DO's  call  for  fire  to  expected 
round  arrival.  It  includes  time- 
of-flight  in  this  case. 

*Note:  AZDT  is  the  nominal  angle 
T;  that  is,  the  angle  between  the 
designator-target  line  and  the  gun 
target-line  when  TR  seconds  have 
passed  since  DO's  call  for  fire. 


NK,  RNG,  ACCX,  ACCY  CARD  SET 


CARD  NO. 


6 
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DESCRIPTION 


NI(J)  is  the  number  of  points 
used  to  describe  tlie  maneuver 
footprint  for  the  Jth  altitude. 

J  =  1  for  highest  altitude 

2  for  second  highest  altitude 

I 


6  for  lowest  altitude 

The  six  altitudes  for  which 
footprints  are  entered  are  the 
six  altitudes  used  for  cloud 
ceiling  altitudes  in  COPE 
weather  data. 

Note  that  there  will  be  a  set  of 
cards  8a,  8b,  8c  for  each  footprint 
for  a  total  of  six  such  sets  in  all. 
They  must  be  input  in  order  of 
ascending  J 's. 


With  current  dimensions 
NI (J )  <  11  for  all  J. 


THEMH 


CARD  SET 


CARD  NO.  8b 


VARIABLE  NAME 

UNITS 

FORMAT 

COLUMNS 

DESCRIPTION 

THEMH  (1,J) 

degrees 

free 

THEMHd.J)  is  the  angle  used  to  represent 
the  Ith  point  on  the  boundary  of  the  Jth 

THEMH (2, J) 

degrees 

free 

footprint. 

THEMH (3, J) 

degrees 

free 

Note  that  the  Jth  footprint  is  represented 

by  a  set  of  points{(p^,  0^.)}  in  polar  coordin¬ 
ates,  where 

THEMH ( 4, J) 

free 

degrees 

8.  =  THEMH (I,J) 

=  DISMH{I,J). 

THEMH ( 5, J) 

degrees 

free 

THEMH{6,J) 

degrees 

free 

THEMH{1,J)  =  0.0 

THEMH ( 7, J) 

degrees 

free 

THEMH(NI(J).  J)  =  180.0 

The  angles  are  measured  off  the  ray  in  the 

THEMH(8,J) 

degrees 

free 

positive  range  direction  from  the  centroid 
of  the  footprint. 

THEMH ( 9, J) 

degrees 

free 

THEMH  (10,J) 

degrees 

free 

rHEMH(n,J) 

degrees 

free 

Because  the  footprint  is  symmetric  about  the 
range  axis,  only  one  half  of  it  is  read  in. 

It  is  for  this  reason  that  the  THEMH(I,J) 
values  do  not  exceed  180  degrees. 

i 

Also  note  that 

[ 

THEMHCI.J)  <  THEMH(I+1  ,J) 
for  I  =  1,2,...,NI(J)  -  1 

1 

! 

1 

If  NI(J)  <  11,  then  only  NI(J)  entries  occur 
on  this  card  rather  than  the  11  entries 
shown. 
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DISMH 


CARD  SET 


CARD  NO. _ 8c 


VARIABLE  NAME 


UNITS 


FORMAT 


COLUMNS 


DESCRIPTION 


DISMH(1,J) 

meters 

DISMH(2,J) 

meters 

DISMH(3,J) 

meters 

DISMH(4,J) 

meters 

DISMH(5,J) 

meters 

DISMH(6,J) 

meters 

DISMH(7,J) 

meters 

DISMH(8,J) 

meters 

DISMH(9,J) 

meters 

DISMH(IO.J) 

meters 

DISMH(11,J) 

1 

meters 

free 

free 

free 

free 

free 

free 

free 

free 

free 

free 

free 


DISMH(I,J)  is  the  distance  from  the 
centroid  to  the  Ith  point  on  the 
boundary  of  the  Jth  footprint. 


If  NI(J)  <  n,  then  this  card  will  have 
only  NI(J)  entries  rather  than  the  11 
shown. 
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APPENDIX  A 

LISTING  AND  SAMPLE  CASE  OF  PAM 


APPENDIX  A 


LISTING  AND  SAMPLE  CASE  OF  PAM 


This  appendix  contains: 

(1)  A  listing  of  the  FORTRAN  code  for  the  PAM  program.  In 
addition  to  the  routines  in  this  listing,  PAM  also  uses  the  function 
URAN31  which  is  included  in  the  COPE  listing  in  Appendix  D. 

(2)  Three  sets  of  sample  case  input  for  PAM. 

(3)  Three  sample  runstreams  for  PAM  (one  corresponding  to  each 
set  of  sample  input). 

(4)  Sample  output  created  by  running  PAM  with  the  first  set  of 
sample  input. 

Note:  The  column  numbers  included  in  some  of  the  listings  in 
this  appendix  are  not  a  part  of  the  program  code,  the  data,  or  the  output, 
but  are  provided  only  for  the  reader's  convenience. 


A-2 


0000000001  null lllZZErn 22 22 Z3 33 33 33 3334 55555555556666666666777777777788688 8888 89  COLUMN  NUMBERS 
123456789012345678901234567890123456789012345678901234567890123456789012345670901234567890  (READ  VERTICALLY) 


Z)  < 
—I  u. 
O  a: 


I  I  I  I  I  I  I  I  I  1  I  I  1  I  1  I  I  I  i  I  i  I  I  I  I  1  I  i  I  I  I  I  I  1  I  i  t  I  I  i  <  I  I  l  I  I  i  I  I  I  I  I  *  ‘ 

^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  CL  ^  ^  ^  CL  ^  Cl  ^  Ch.  ^  CL  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^ 

ooooooooooooooocooooooooooooooooooooooeooooooooooooooo 

«C,COCO®®®®®®^C^O'0'C^&'^0'0‘0'000000  . 

fr>  er,  re\  tr\  rr,  rom  irifTiYn  <Ti  ert  rOftl  <rifr)<vi<r( 


_  ______  _jCO®®®®©®0©©©®®©©©®®®®®®®®®®®®®®®®^®® 

oooooooooooooooooooooooooooooooooooooooooooooooooooooo 

<v 


UJ  bO  < 

a  z  •- 

fi.  3  LO 


z  © 
<  o  < 
^  «- 
u:  <  Z 
I  u 
S  C.  u. 

Z  X 

£L  <  LL 

o 

LL  VO  h- 
fcO 

Cl  CL  © 
LLI  C 
Q:  U.  CL 
3  «- 

o 


O  <  i 
CJ  3  C-  I 


I/O  < 
I  <M  E  Z 
:  E  h-  UJ 
:  <  »H  C- 


c 

■> 

-I  Ui  c 


©  z 
o  ►- 

C  K  H* 


3  ©  K  ^  . 


:  E 


to 


UJ  Cl  £ 
UJ  © 

>  3 


O  E  1-1 

l-(  Vi  •. 

L  1-  O 
O  O 

>c  ^ 

^  o 

UJ  —  z 

CL  O  U 
1*4  © 

«v  •■ 

—  c  •. 

f\l  *--  /"« 
L  fS)  M 
lf>  H*  •« 

•.  o  u*. 
^  c-  •. 
w  N 

X  •,  — 
W  «-  C 
Q  iH  3 
E  W 


—  CO 
•O  O  «, 

— •  (SJ  1-1 


•>  iH  3 

U)  C.  U.  C' 


o  •>  Vi  •> 


2  <NJ  — 

O  -tf-  •-•  >• 
i-H  3  a; 
V)  X  E  < 
Z  H-  to  E 
u.  E  •-'  <£ 
E  <  O  O 


o  •> 

z  r- 

<  fs( 

©  f*« 


Z  fsJ 
O  UO 
I—  cvj 


to 

1-4  IT. 

3  *»■ 


►-  "J- 

<  •C  •> 

«0 

UJ  «0  O 

3  •  ® 

»-  rj  .-1 

•»»  • 

V) 

G  >-  •» 

_i  a:  o 
C  <  fO  »o 
X  E  O  f-< 
<  (M 

>-  O  •  i-< 
Cu  • 

<  <  •.  cn 

E  I-  -tf-  II 

<  <  fO  »-i 

O  G  fO  © 


UJ  C 

>-  o 
<  cn 


o  o 

O  tH 

fo  m 


S  UJ  3  L 
K  O  3  ^  . 

z  ^  <  : 

h-  i-i  <  >  : 


3  to  Q£  UJ  ( 
U-  t-H  to  . 

Z  O  tL’  . 
Z  W  3  ( 


0^3 

UJ  <  K- 
CL  E  I 


UJ  G  UJ  3 
UJ  c  a: 

to  t-  3  i-H 
i-<  a  <  > 
UJ  3  Z 
O  to  u>  LU 


3  UJ  3  Q. 
>  LL  _<  < 

3  G 

:  to  s  UJ  to 
:  UJ  to  UJ 
■  i-H  ©  3  3 
O  O  •J 
G  Ll  UJ  < 
UJ  a:  > 
z »-  < 

UJ  <  UJ 
X  O  to 
o:  t-  z  UJ 


3  ©  or 

U  V.  3 
•-*  UJ  G  t_J 
3  3  -J  LU 
_J  3  to 
<  C 


X 

D  > 


UJ  G  1-H  C 


o  o 


o  fvi 
^  r- 
o  m 
X  rH 


to 


C  O  CM  .©  •—  E  ^ 


a:  ^  o£  o£  G  tTv  u- 


<  o  •-< 
to  ^  < 


<  -j  o  — ' 


I-  »-  I-  I-  -j  < 


w  in 

^  •  fsj 

t-t  X  O  D-  ■ 

CL'  X  »-  C  fSJ  I 

s  »-  Ul  O  CO  I 

Ui  O  U.  I£t 

—  «-.  o  D  .T  : 

CM  —  O  O  <  h>  1 

»  O  CO  r-t 

CTCJCO*  — 

UJ  CO  X  •«■  *5 

•  H  »o  >-  •.  ♦ 
tu  ir>  — *  Ui  u>  u.  I 
E  — '  «  —  3  • 

*-•  Ui  z  < 

G  i-  ui  G  ti  I 

<  ♦-<  to  <  u  « 

U.  UI  CL  ^  UJ  3  I 

»-*  D£  »  to  D£  <  « 


CM  X  >  < 


CL  •,U>(OlO>-i-'X> 


—  cn  r> 


>  U‘  CJ 
o:  •  3 
G  <  G  CL 
Z  UJ  © 
<  to  M 
^  H-  e-  u  UJ 
3  CO  Z  HH  X 
«»  X  UJ  to  i— 
3  E  to 

j  UJ  <  O 
I-  -J  X 

•4  UJ  <  t-( 

£  X  U-  Z  to 
E  »-  to  3  3 


(S  (S 
to  ti 
G  G 


>  CL  _i  ( 

L-t  n  <  -j  •  t 
»-  u  >  <  G 
(J>  t_>  LJ 

UJ  Ul  Ui  1-1 

a.  3  to  to  UJ 
to  ^  ^  ^ 

UI  <  <  X  © 
a:  >  u.  ©  < 

UJ  LU  LU  UJ  0£ 
©  3  X  X  <  I 
<  t-  V-  t-  >  • 


a  a 

UI  UI 

O  G 


t_*ot-»t->t->ot>)cju) 


<->Ot->t»JU>t-Jt_>0 


tJ  U2  O 


c-  o 
®  o- 
a  CD 
CD  f** 
a  >c 

®  if\ 
®  ■j- 
®  CO 
®  tSJ 
CO  f-l 

®  c 
r-  o 
N  cc 
r*-  r- 
r-  ® 

r-  ifN 


N-  O 

®  c 
o  ® 
®  r- 
w  c 

O  IT. 
>C  >.*' 
®  cn 
C  CM 
O  1-i 

o  o 

IT)  O 
lf\  ® 
iTv  N 
tr>  >0 
IT.  If, 
U“,  < 
Sfl  n 
U“>  CM 
in  H 

m  o 

•4-  C- 

4*  C 
4-  r- 


4-  r*; 
4-  CM 
4-  i-t 
4-  O 
n  c 
n  ® 
ro  r~ 
n  c 
m  u 


CM  r- 
rj  >o 
CM  Ifi 


CJ  M- 
CM  CO 
CM  fs. 
rj  i-H 
CM  O 
rH  C 

i-l  ® 

iH  r~ 

r-l  ® 

rH  l£> 

fH  M- 
rH  m 

tH  cm 
rH  rH 
rH  O 

O  c- 
o  ® 
o  r- 

O  vC 
O  ITi 
O  4- 
o  fC' 
o  CJ 
O  H 


or 

:.:5 

o 

ex: 

Cu 


2: 

< 


cx: 

o 


< 

o 


Ll. 

o 


UJ 

o 

Cl. 


A-3 


00000000011111 11 11122?Z  2  22  22  23  3  33333  33  34 'i't'i'4A'i'.<tA555555‘;5556666666666777  7777  7770158  88  8888^9  COLUMN  NUMBERS 
123'»r.ft789012  34567n'>01234  5678901234?670901Z345678901Z34567flQ01Z3'i56  78901Z34  567R9  0123  4567890  (READ  VERTICALLY) 


triif\iriin^^^40’C'0'0’C'0'Of^f'“f^h“f^r«-h-f«*f^t^cocDoc>aD®®CD<DCDCDO'^0'0'0*^^0'0‘0'OOOOi 

^  ^  f 


ss:£z:s:z:z:£2:s:£cz:s:c£cs:z:£C£s:s:aE:cs:2:cz:z:££2:z:ccs:cc3:cac£ 
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 
C.Q.C.C,Q.(tG.G.®^®ft,CL.n.a.ft_CLQ.^ci_^r)  0.0./^  -  “  *  *  “  *  -  “  “  -  “  “  *•  -  -  -  -  * 


i  t  I  I  t  t  I  <  I  I  1 


I  I  I  [  I  i  I  I  I  i  I  ( 
u.CiiOLa:oi{i:Q:oL.a:ocQia:tiL^^^ 
^c.k^Ci.CL^Ch.a.c.a.a-A.Q.^CL 


Qc^ct:o^c>:ai^Q:Q:Q:ci:a:QiCLa:cLCi:a:oLCLoca:a:^a:a:a:a:a.a:o^^ 

^  ft.ei-A./3  <4  ^  /v  «4  ^  ^  <4  A  ^ 


<<<<<<<<<<<<<<<<<<<< 
A.a.a.a.a.^a.^o.a.a.&.o.&.a.Q.Q.ft.o.^ 
i  1  I  i  I  r  1  I  I  I  I  I  t  I  I  i  I  I  I  I 

/V  r»'  ft  W  ftrf  <V  <V  ft'  ft:  /*.-  /V  ft'  /V  rv  rv-  fy' 


a.a:o^QC.CLci:Qca:a:occi:oi:aa:a:c 


a:  £  z:  s:  s:  c 
<<<<<< 
o.  ^  A.  &  a.  ® 
I  I  I  I  i  1 
ac  a:  QC  a:  a: 
fi.  c.  Ca.  a.  ^ 


£  £  £  £ 
<  <  <  < 
a  o.  o.  a 
I  i  I  I 
a  a  a  a 
a  a  a  a 


ooooooooooooooooooooocoooooooooooooooooooooooooocooooo 

mrorofTifri.^.j-^.rsf^^,j-^^iDifitr'iri)/sif\inir)iAir*®®®®o®®®®®r«-N-f»-r*-h»r'-h~r4.h-r'“®®®®®®®®® 

®®®®®®®®®®®®®®®®®®®®®®®®®®®®®®<D®®®®®®®®®®®®®®®®®®®®®®® 

oooooooooooooooooooooooooooooooooooooooooooooooooooooo 


£ 

as  > 

<  X  I-I 

•»  £  •< 

X  >  X 
as  »-i  £ 

a-'  ••  a* 

<  X  c 
-  £ 

o  a  ^ 

a  ►-'  £ 

•.  «  a 

a  £  O 


-  c  c 
>  as  £ 

••  Cl  a 


o 

*  iH 
•S  •*- 

in  o 


•  -»  o  —  •-< 

>  O  ai  O  ®  z 

ro  — .  ro  ,-H  — 

«.  *  •.  «  * 

®  •»  ®  — 7  •, 

w  in  w  m 

w.  o  — 


H  W  w  UJ  H 


O  —  —  £ 

o  '  O  O  Z  H- 
O'  ®  O  *4  U 

•  fO  «r  1"^  •— 


~7  ® 


<  a 

UJ  h> 

a  o 


HO  »if-C)0»-»-r 


MSSa-*-- 
o  —  £  £  a 
luujoXmhm  aa 


a  a  a  c  a  t 
s  a  a  o  a  : 


a  £  £  a  M  a 

jaao£00<aa 

.'£3oaa>oo3:3 


nj  £  X  in 

O  -  £  £  •. 

<NJ  a  >  >-* 

n  ®  II  — 

ir.  a  a  •.  i- 

<■  II  o  f-i  a  a 

a  II  ui  a 

r-<  O  >  o  o 

o  i-H  a  •-«  a  M 

•  <  ««' 

♦  O  O  O  O  i/> 

£  <•  a  ro  tM  a 
a  m  a  CM  (M  o 

II  II  II 

£  c  Q  o  c  a 
a  c  a  Q  o  o 


E  IT.  • 
O  (M  CM  o 
o  *  *—  a 


o  O  a 

a  +  to  c. 
o  a  u  a 


mo  •  a  < 
%  a  O 
•H  VO  o  m 
II  in  a  • 
to  a  CM  •  ^ 
a  a  cr  a 


CM  C>  — ’ 


a  o  o  a 

O  ■tt'  * 

o  >  >  c 

<->■»>•*  a 

q: 


Cu  —  O  ^ 
C  £  X  a  £  to 
o  a  a  <  a  D 
a  • 


a  o  a  I 
a  o  to  a  X  a 
£>*♦£<< 
a  <  <  a  a  o 

£  o  a  £  a  a 

O  a  a  C  M  II 

t_>  «  u  a  X  a 

X  a  lo  tT 

<  <  <  < 

a  a  a  a 

a  a  ®  ® 


W.  W.  O  £ 


I  CO  *  ^^  < 

£  a  CM  a 

;  <  X  X 

a  (>0  to  E 

'EM  II  £ 
a  X  to 
I  a  a  a 
a  £  c 
)  <  a  a 


a  a 

CD  £  CM 

a  £ 

C  a  a 

a  <  a 

a  a 

C  ax 

a  a  to 

a  to  *v 

a  X  a  a  a 

,  to  to  a  X 

)  £  <  <  a  to 

1  D  a  a  <  •-  a  X 

I  £  ®  ®  a  a  a 
•  E  +  +  r-i  a  a 
X  a  a  fc.  <  < 
a  a  a  £  «  «- 

D  D  a  <  a  CM 
a  a  £  o:  X  X 
a  a  <  £  to  to 


II  u  to 

X  a 


a  a  X 
a  c~  a. 
<  a  a 

tj  ®  ® 


o 

o 


< 

QC 

O 

O 

QC 

Cu 


< 

a. 


u. 

o 


o 


< 

ai 


Cd 

o 


I 

< 


o 

CvJ 


o 

< 

Q- 


A-4 


Oi-H*Mcn»rmOh>»«oo-OrHf>JfO'>^ir\'Of*-coco*H<sjm>»-ifk<ot'<DOO#-if\jm.4*ifs«OP^coOOiHrorosriri<Oh“®0*OiHcvjtn 

<<<«<<<<<<<<<<<<<<<<<<<<<<<'<^^<<<<<^<<^^^^^^^^^^^^^^^^ 
I  t  I  t  I  J  I  J  I  I  I  I  I  I  I  J  »  J  I  I  «  I  J  I  I  »  I  I  »  I  »  I  I  »  •  1  »  *  I  »  I  «  ‘  I  i  I  *  •  •  ‘  ‘  i. 

a:u-a:^c£a^^^Q.^oc^o^e^oitLa^Qic>^oi^QiQi^^o^oLaia:o^o^e)^oc^o^oi:o^ci:u:(i:cka:^a:u.Oii^oiaLQiQtaLa.&.ci. 

oooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Co®®o®®®®®®®0‘c^c^c^c^0'c^c^^^c^c^c^c^ao•c^c^0'<^c^c^0‘c^c^c^c^^^0'0“c^c^c^c^c^c^c^c^c^a‘c^c^c^c^ 

^^p'^^frjm»nmmrnmrnm<nrr)mfOrornwrn<»ifn<<>mmfOfnm<»^fOfOfnmfi^fr>m<r)n^n^mft>irommmmrrtrorrifnfnfOpn 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


>-  o  . 

a  i 

}  X.  ^  >  q:  i 

t-  ^  ♦ 

'  Z  E  Cd  O  ^  E  « 

r  »-i  t-t  Z  rsj  >  <  •! 

ixx>-<<a:o» 

«  O.  I  I  »-  W  <  I  . 

:  ♦-*  X  >-  <  «  E «-'  * 
®  LU  UJ  tl  E  <  O.  • 
I  u  ^  _j  <  :?  o  X  : 

H-Et^  MUJ« 

:  z  w  w  ^  o  E  II 

•I  h-<  II  .11  .i  E  <  O  < 

-  X  X  >-  <  <  o  »-  ; 


t  u 

•  <  c 


—  ♦  c 
^  E  a  c> 

to  E  E 
a:  in  O' 

*  O  -tr  in 

5  E  E  to  LU 
•  <  <  I-  • 

3  I  to  O  O 
3  — '  o  »-  • 

H  — '  t^  *  E 
hC.iiOI- 
0  X  ♦-  LU  UJ 
i:  uj  o 

>1  II  <  u 

O  to  u.  to  u. 


:  I  uj 

:  E  ®  o  o 

J  to  ’»»'  E  o 

r  •  < 


■''-'0>to  .^the: 
4  •-«  E  O  ♦-•  o  E  : 

:  X  o  •-<  o  ► 


:^o«xu.<-)OC( 


<  —  <—  iH 
^<•£111 
_J  M  *v 

U  •*  i-l  t-1 
'*«.  tJ  M  •» 
— >  l-«  t.^  — 

<  w  t-t  O 
>-«  C7 

%  O  —  — ' 
0  <  tJ  I— 


or  u  E 

>  ®  tJ  t-»  *- 

s  ^  <  w  ^  — 
<  iH  II  ^  rd  o 

«  —  CD  O  O 

)  <  <  h-  rH  1-4 

4  «-«  hH  II  »,  •« 

>0  O 

>  £>  l-S  M  UJ  UJ 

4  ^  ^ 

O  M 

}  O  o  &:  oc 

I  Ci  <  I-  3  3 


LISTING  A-1  FORTRAN  LISTING  OF  PAM  PROGRAM  -  CONT'D 


0000000001  im  11 H 12  222^22  2?  23  3333  33  ass'!  4'^44'i4'i'.'i55555555555666666666777  77777770P8  88  8  88889  COLUMN  NUMBERS 
123480789012345678901234  567890 12 34567890123456789012 345678901 2 348678901  2  34  56789012  34  56  7890  (READ  VERTICALLY) 


I 


Nrin>oh“eoe-o*Hfvj<n'tf-if)Oh-aDO'OrHCMfn'4'ifT^r-a>0'OYHfvjfONj-tr).£»h-cDO‘OfH<\jrn»}-inor^«op-Or-i(sjf0^rif'4£>h> 

^^o«ONC’>or^r-r^r-r~r>-h-t^r*-f«-eD®o3cC'Cja3co®cDcoo'0-ao'C-o-0‘0-0‘^ooooooocoor-ii-HrHiHp-*«H.-iiH 

z::c£z:£cz:££3:z:z:z:£s:aE:2:cz:£s:2:£z:s:a:s:c££s:z:£a[:2:£s:s:s:z:£ccs:z:sc£z:z:r:s:££ 
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<.<.<<<<<<<<<<<<<<<<<<<<<< 
a.a.c.c.o-CLa.o.a.&.o.a.o.o_a.c.a.a-o.a.o.o,o.Q.&>o.a.a-&-&.a.®o.fi.c.a.o.(^b-&.o.a.o.a.o>D.®®®®®Q-®ci. 
I  I  I  i  I  1  1  I  I  I  I  i  1  i  I  I  I  I  i  I  I  I  I  1  i  I  I  i  I  I  i  I  t  I  i  I  1  I  I  I  I  I  I  1  i  I  I  <  i  I  I  I  I  I 

cLa:cLa:a;a.&:a:  a:a:o:oLa:a:o:Q:a:o:a.ci:  c£a:a:QCa.'Q:a:ct;a:a:a:cK:a:o:Q:a®a:^fi£a:  o::a:o:a:ct;:a:a.ck.  a:a:cx:a:a. 
Q.&.a.o.^a.c.CL&.c-o.C).a.o.Ck.Q.a-a-o.c.a.ci.®c^^CkCL(^c.Cb.c.c>-c.c.£.o.c.a.o.^^&.c.c-ac>c.®c.a>ci.c^£.o. 


OOOOCOOOOOOOOOwww- 

C‘0'C^a'C•0‘0'a•  o-0'0-0'0'0'0'0-~  “  “ 

mroromfnfOmf»i  mfrimfYi  mnncnm 

ooooooooooooooooooooooooo 


oo  oooo  ooooooooooooooooooooo  ooo  cooo 

““  f'jfn^ifvi£.f^®0‘Oi-i<sjrr>^tf'-£)^-®C"OiHfvj®«rir>40r^®0'0 

i*.«ii*.>*^Hj’0ONCi>0'0’0®'0r^f^r-f*-r“r-f^f^r~f^®®®®®®®®®®a' 

O'O-O-O'O'O'O-O-O'O-O'O'O'O'O'O-O-O'O-O'O'O'O-O-C-O-C'O'O-Q'O'O'O-O- 

ooooooooooooooooooooooo 


o  o  o  o  o  o 

<-*  -C 

O'  O'  O'  C  O  O' 
^  O*  O'  O'  ^  O' 
ro  ro  m  fn  ®  fT, 

o  o  o  o  o  o 

I  • 

ITi  ^ 


^  iS> 


C.  ®  i-t  «-■ 


J  ll 

J  >  .-I  — 

^  f-i  II  s» 

6  *.  O  ►-< 

:  Lu  h-i  *,  uj 
i  G.  (J  Z> 
■I  >-H  O  I— (  XT 

^  o 

O  I-I  <M  I- 


,  rc  ^  o  +  C 

^  rj  fo  ^  ^ 

•I  •— I  •  ^ 


^  ai:  UJ  “?  O  I 


1  t/n  Q. 

:  sz 

■  C/^  ^ 


O  O 

o  o 

<\J  CM 


:ooo:irto  ziio  ; 

iLTllfiir,  »-LwOUJ*-'l-r'“UJ> 
(MCNJfsJw-Clh-r^f-W 


C~  O  KH  ^  ( 


-Oi^i-a:oQ:t 


o  c  c 
O  .“t  c 
rj  fj  f 


o  c 

m  »?• 
CM  CM 


<  <  <  <  < 

ar  E  sr  z:  z: 

a:  a:  a:  a:  ct: 

O  D  C  □  C. 


>0  ” 

K  ^ 

X  fM  = 

r-f  •  rH 


E  ii  X 

o-  oc  a:  • 
O  h*  X 


o  o  o  o  o  o  o 

o  *H  fM  ro  sj-  If.  c 

fc.  fr;  ro  r<>  cn  cn  m 


CwJ  C>  <->  u.' 


A-6 


0000000001  mill  11 12?, •’2,?  2;^  2?  ?:^33  33  3*^33  34^t444‘«i4A445fin5»S555556666666666777  77777778  OP  0  88  886  89  COLUMN  NUMBERS 
1  23'*r'670901Z3^r5678^012  3'tr.fj70n0123A^670noi?34567P9012  3A*i67P9012  3^ir;67e9012  34  5e.7R9ni?3  4  5670'30  (READ  VERTICALLY) 

LISTING  A-1  FORTRAN  LISTING  OF  PAM  PROGRAM  -  CONT'D 


0000000001 11 1111111222Z2  222Z 23 3 333  33 3334'.'('(A'i't'i4'i555555555566666666667777777777888e8 8888 89  COLUMN  NUMBERS 
123456789012345678901234  8678901234  5670901234  56789012  34567890123456789012,34  567890123  4  567890  (READ  VERTICALLY) 


eo  O-  O  iH  rj  m 
iH  rH  CJ  fSJ  f\J  fSJ 
f\j  rj  f\j  (Nj  fsj  rj 

z:  c  z:  z:  s  s: 
<<<<<< 
o.  o.  ^  ^  ^ 

I  I  i  i  t  I 

oi.  o^  q:  QL  Ol 

^  &  cw  a.  & 


Nj-in'Or-oDO- 
CM  po  fsj  OJ  cj  eg 
CM  fJ  CM  CM  CM  eg 

££££££ 
<<<<<< 
a.  ^  a.  &•  o-  fi. 
I  I  I  i  I  I 

CL  01  u.  a.  q: 
^  CL  o.  c-  ^  ^ 


oocoooooo 

f*«CC&-O^PdCn^lD 

O'O'O-OOOOOO 

O'O'O-OOOOOO 

cp»fnm»r«r 

ooooooooo 


CM 


ts 


o  o  o 

o  CO 

o  o  o 
o  o  o 

>J‘  -s-  «j- 

o  o  o 


(I 

UJ 

s: 


UJ  z  • 

-  CJ  <  'J’  i 

«  c  u.  u.  ( 


CM  -7  .-C  O'  C 

vH  •.  CM  >  * 

w  ^  C  •  IH  » 


►H  w  LJ  hH  OC 

w  M  Z  O  t_J 

:::  •,  s:  cd  a  z 

Z  VI  C>  J  ITi 

UJ  II  *-t  o  u-i  •-< 

Z  O 


a  c 
z 

CO  < 
rH  ►— 


iH  »H  1— C  f— 1  rH  tiJ  »  ' 

^  w  « 

o 

J-  t-  I-  V-  t-  Q.  ► 
<  <  <  <  < 
z  z  z  s:  z  o: : 
CL  ^  CL  CL  a:  a  t 
CD  D  C  O  K  C 

U,J^  U.  U.  IX.  <  L 


p  cH  ft.'  •—  • 

-  •s  UJ  tn  i 

•  — 

«  atUJ  O  O  < 

CO  f-»  iH  p 


O  O 
CO  O' 
m  tPi 


)  o  o 

)  fH  CM 
-  mJ- 


O'  o 

CO  o 

00  CO 
CD 

00  <£) 
CO 

00  4- 
00  c^ 

00  CM 
CD  ^ 
00  C 


r*“  ■£> 
p~  k^ 
4- 
p-  cn 
P*  CM 
p-  «-f 

f-  o 
<£)  O' 
MO  A 
yO  P“ 

•c  >0 
c 

C  4- 
•C 

45  CM 

4©  (H 
4©  O 

IT)  O' 
QO 
in  N 
in  -c 
m  cn 

m  4- 
in  cn 
in  pg 

U^  iH 

in  o 
^  O' 
4^  CD 
4-  P“ 

4-  4© 

4  cn 
4  4 
4  fCi 
4  CM 
4  P-* 
4  O 
PO  O 
fO  CO 

m  P~ 
m  45 
m  If. 
fO  ^ 

m  c« 

PO  (M 
PO  iH 


pg  CD 
pg  r- 

(M  45 

pg  un 

CM  4 
CM  fO 
CM  Pv 
pg 

CM  O 
r-C  O 
r-l  CO 

iH  P" 

rH  O 
rH  in 


p-(  O 

o  o 
o  00 
O  P* 
O  4© 
O  If. 
O  4 
O  CO 
o  pg 

O  p-i 


A-7 


i 


LISTING  A-1  FORTRAN  LISTING  OF  PAM  PROGRAM  -  CONT'D 


000000000111 1111 1112222^22  2223  3333  33  333'»'i'i't'i4A<,<.A5555555555666666666677777  77777808888888B9  COLUMN  NUMBERS 
123486789012345678901234867890123456780012345678901234567890123456789012345678001234567890  (READ  VERTICALLY) 


^f^coo-OYHOdfo-j-ifi-cr^ 

^zzzzzzzzrzz 

OOQOQOQQClOOC) 
>>>>>>>>>>>> 
oooooooooooo 
I  i  I  I  I  I  I  I  I  I  I  I 
a:a:a:ct'ci:a:a.a^Ck:a.o^a.' 


^^r.-rwf^fs.rxr>f>.ror»h*cD® 

zzzzzzzzzzzzzz 

>>>>>>>>>>>>>> 
ooociooocioocoao 
I  I  I  i  I  I  i  i  I  I  I  I  I  I 
oCQ:a:a:a:cLa:o'Oi:a:a.oLCi.u. 


oooooooooo 

•j-iTTsOr^®©  o.Hrdr3 

oooooooooo 

oooooooooo 


o  o  o  o 

^  IfT  O 

r-  r-  r-  f«“ 
o  o  o  o 

^  'T 

o  o  o  o 


o  o  o  o 
at  ^  o  »H 
r-  ®  ® 
o  o  o  o 
<■  «»•  -c 

o  o  o  o 


o  c  o  o 

PU  (^  ^  If* 
CD  00  ®  ® 

o  o  o  o 

»r  ■«a- 
o  o  o 


O  O  O  o 

•c  f-  o  C 

09  CO  OC  CO 

o  o  o  o 

-a-  -J- 

o  o  o  o 


X 


o 

a 


* 

« 


H 


X 

c- 


o 

> 

o 

3 

•* 

X  z 

fs» 

•*  o 

lf»  > 
M  O 


I  • 

yO  'f 


IT*  ll< 


O  O 
<■  c 
c\; 

<5^ 

■C  iff- 
r\j  (Si’ 


j  O 

I  o 

-  t.  ro 


X  a  m  •* 

•  o  o 

t~  -*  <SJ 
tr,  m 


—  <SJ  fSI 


Cb. 

o  *-• 

Cfc 


o.  ^  Wb  w 

c 

H'  U-  U>  u- 


^  w  m  o 

IT.  z  o  ♦-  z  o  • 

zroz—  •xir-im« 
I  •>..  +  I-  us  1  c-  4- 
e-ir.^xzxz<-oi 
ZZZ  —  ’ZI-> 

H  I)  II  II 

mu'.  .x>u.L^u.>Xi*rO 
zzz>-*»-i*^'-'Zo 


W  CT 

Oi  ►- 

»  CO 


o  o  o  o  o 

u".  o  CD  c- 

cs;  (\j  (sj  oo  (s 


o  o  o  o 

o  .-H  (SJ  ro 

ro  fo  r^-  fc, 


11 

X 


CO 


< 

z 

oc: 

a 

u. 


«■ 

4^ 


»-  z  c 

Z  CO  < 


Cl  o 

»-  >  O  I- 
C3  O  I-  Z 

•£>  UJ  K> 
•  «J  t'. 


S  •  X  I 
fo  ^  CS}  ro 
(Si  f-i  ru  csj 


<  II  <  < 

Z  —  Z  Z 
a:  o-  o:  or  o 
C  Z  D  D  Z 

u.  u.  U.  UJ 


o  o  o 

•r  m  *0 

fo  r*-«  cn 


O'  o 

CO  a 
CO  ® 
®  p*. 

to  -c 

GO  US 
00  .J- 
®  CO 
C  csj 
to  fH 
®  O 
h-  O' 
fw  ® 


r-  <T) 
r-  ^a 
•“« 
r-  o 
•O  O' 
4>  CO 
sO 

<0  >0 
>o  m 
<■  < 
>0 
40 

<£>  ^ 
*o  o 


US  O 
US  ® 

m  r- 

Ifv  •£> 
US  US 


us  rH 
US  O 
O' 

4r  ® 

•a*  t^ 
<■  'C 
sT  US 


CO 

»a-  cv 

4j-  r-^ 


O 
Q 
m  Qt 
cn  r- 


CO  bO 


CO  m. 
m  >r 
cn  cn 
rs  (s; 


ro  o 
eg  O' 
pj  a> 
csi  r- 
esj  >c 
CO  U“. 

eg  -r 

CSJ  fO 

pj  eg 

CSJ  -H 

eg  c 
w  o- 
f>l  to 

.-I  r- 
.-I  o 

1-*  us 

<-l  44- 

.-4  cn 

-4  CSJ 


i-H  O 
O  o- 
o  to 
o  r- 
o  >0 
o  u-i 

O  44- 

o  m 
o  CSI 
O  --I 


A-9 


(PAGE  7  OF  11) 


to 

a:  < 

LU  CJ 
CD  ■-H 
£  I- 
Z5  Ct 


< 
UJ  1,^ 


3  < 
_J  UJ 
O 


O'  O 
CO  O' 
CO  CD 
CD  f'- 
CO  sO 
CD  tTi 
to  'S’ 
CO  m 
CO 

CO  o 
h-  O' 
ec 
h- 
'C 

iTi 

f'-  »j- 
f*-  ri 


f'-  o 

O  O’ 
'O  to 
'O  f*- 

o  «0 

>0  U*! 

c  ^ 

■O  fO 
'O  CSJ 
■o  f-i 

o  o 
in  o 
in  cc 
m  r- 
in  c 
in  in 
in  ^ 
in  m 
in  fu 

ir.  ri 

ir.  © 

c-  o 
s-  c 

<•  N 
<•  © 
<■  in 
>.#■ 

^  CM 

<■  rH 

•J-  C 
m  O' 

fO  (T, 

ro  n- 
m  c 
rn  in 
m 

m  m 
m  CM 
fO  »-i 

cn  c 
CM  O' 
nj  cc 

CM  r- 

CM  O 

CM  in 

CM  >r 


CM  O 
rH  O' 
rH  CD 


O  © 
o  cc 
O  f" 
o  © 
o  in, 
O  'T 
O  cri 
O  CM 
O  rH 


CM  cn  sT  in  >0  n-  ® 


cn  fC)  CO  fT)  cn  fr^ 
Z  Z  Z  Z  z  z  z 
<<<<<<< 
ei  oc  a  O'  ai  a: 
z  z  z  z  z  z  z 
1  I  I  I  I  I  i 
CL  0^  a:  a:  CL  oc  a: 
C/)  CO  c/>  i/>  to  l/^  CO 


o  ©  o  o  ©  o  o 

rHCMCO>J-in©r- 

o  o  O  o  o  o  o 
o  o  ©  o  o  o  o 
•r  ^  -tf-  iT  'T  >j-  ^ 
o  o  o  o  o  o'  o 


CM  rH  rn 
X  CO  *-> 
ik  Z  rH 
rH  <  CO 

X  Ct:  z 
D  < 

—  Q. 
rH  ©  Z 

m  c  *• 

Z  —I  CM 

<  <r  n- 

CL*  C  r-  ^ 

z  o  CO  c-  <■ 

•  in  X  X 

UJ  CM  ®  "rr 

Z  J  rH  z  lO 
»-(  W  CO  rH  C 
1—  h-  ®  t/>  O 

Z  a:  rj  «■  Hj.  z 
O  c  •  cn  CO  q: 
g:  uo  <c  X  X  z 

CO  ft  II  II  II  K 
Z  CO  ij-  CM  rH  LU 
X  X  X  X  q: 


o-  o 
CD  o 
CD  to 
CO  rr 

®  o 

©  in 

©  M* 
to  CO 
C  CM 
O  rH 
CD  O 

n-  o 

t'"  az 


rH  o 

©  o 

©  CO 

©  r- 
o  o 
o  in 
©  *r 

©  ri 


O  CM 
O  rH 


A-10 


A-n 


O'  o 

CD  O' 
CD  CD 

®  r- 

GD  sO 
03  ifi 
CO 


CD  C 

o 

h-  CD 

r>- 

f'-  vO 

iTi 

h-  >?• 

m 

N  PV.‘ 
-( 
f«-  o 
■c  a 

•O  CD 

>c  r- 

C  nC 
c  Ifi 
C  j- 

■0  CD 
>0  fs; 
oC  f>4 

>0  C 
O' 
OD 
if» 

ir<  <£) 
ITi  IT' 
tf^  -tf* 
tfs  m 
IT.  rj 
ir\  rH 

c 

<■  O' 
•J-  CD 
<•  f''- 
<•  »0 
«#•  IT. 
•J"  -J- 
•tf-  n 
*r  cs;' 

-r  r-t 

>r  c 
m  c 
ro  C' 
n  f'- 


n  L~i 
m  >r 
<'*.  c. 
m  fsi 
ri  iH 
ro  C 
O 
(VJ  CD 
f-j  r- 

ro  L", 
ro  "O' 
rj  r~ 
f  j  ro 


,-t  o 

o  o 

O  CD 

c  r- 

O  sC 
O  U'. 
O  'J- 
O  ro 
C  ro 
o  w 


O  iH  ro 
ro  rj  ro 


UJ  UJ  LIJ 

D.  a.  Q. 
I  1  1 

cc  ct:  a: 
D1  ti  </i 


m^uo»ot''-cco  o»Hrom"j-ir>or^eoO  OrHrom»j-ir\ 
rorjfvjrjrororofnrnmmrn(nfnmforo>r’J‘'J’'a'»f«r 
sicarEEErEEiDZCEsisrarEsiaccsicac 
<<<<<<<<<<<<<<<<<<<<<<< 
ZZZZSZZZZZZZZZZZZZZZZZZ 

m  UJ  UJ  LU  m  LLi  Lu  LLJ  m  m  UJ  u  I  u  I  Q,i  m  i^i  qj  u,!  ii,i 

^&a.c,a.a.a,o.a.^c.^eua.a.o.^&o.&o.CL^ 
I  I  I  I  i  I  i  I  1  1  <  I  I  I  <  i  I  i  I  I  I  I  I 

occt^ODaio-oDC^a^a.'  Qca:a.a:  oo^  ^a:a.'a.'aia:c^a: 


^0^«-eoc^0»-^^o^r><a'^f^o^-•co0'0^-^rofo  »J'lr^^^-cD 

zzzzzzzczzzzzzzzzzzzzzz 

<<<<<<<<<<<<<<<<<<<<<<< 

zzzzzzzzzzzzzzzzzzzzzzz 

lU  UJ  UJ  UJ  LU  UJ  UJ  II;  m  m  «i-J  1 1 1  n  >  U  '  ii  i  1 1  i  m  n '  1 1 1  1 1 1  1 1 1  1 1 1  1 1 1 

CuO.O.O.Q.O.^^O.O.CLCt.^Q.0.  &.O.O.^a.Ci.C^O. 

i  I  1  I  I  I  I  I  I  I  I  I  1  t  »  I  I  I  i  I  i  I  I 
OLa:c(:ck:CK:a:^CLa.a:a.Q:Q^b:ci.a.a:Q:a:a:a:a:cL 

l/OfcO^'<t/)t/>tOU^tOt/>C/OtAVOfcOCnV;VOl/0(/n  tOl<-)tOCOtO 


O  o  iH  ro 

O  r-  r-  h- 


<  <  < 
z  z  z 


< 

z 


LU  u:  UJ  LU 
0.  CL  cx.  O. 

I  I  I  I 
ac  q:  ft. 
LO  LO  L'l  LO 


eooooooooooooooooooooooooooooooocoooooooociooooo 

oo^rocD>}'iri^f-cDO'Oi-4Mn'>«j-if\;Or'~cDOC>«-(p>dcr>«a*»f\or— <DOO«-trjrnNrir\ODf'~cDOO*-HrofD^m 
fHrj<sjrororjrororororommfri<riforocD<rirDfD<''j"*j'««'-fl'»r<-*j-'.r<-UNtf%if\»fsu\tf\uoir>tfivr»0'00^>0^ 


o  o  o  o 
o  r-  CD  o 
03  oO  O 


u.  *• 


II  II  <  <  ( 

w  >  , 

to  X  f 
O  O  CD  II 
I-H  O  <  — .  O  » 


II  — 

•7  LU 

*-  S 
o  z 


-  I-  c.  »- 

z  c  z 
-  Z  O  I-  c 

:  o  o  Lo  o 


CD 

O  O  'v 
•.  c  UJ 


o : 
z  c.  t_>  c 
c»  z  z  < 


h-  <  : 

O  CD  <  >  I 

LU  O  X  C 

o  ro  iH  ^  ii 
D  II  M  L»  —  o  : 
LO  ”7*0UJI- 

Z  Z  LO  —  »-i  z 

Z  II  OOcDLu  Z« 
*-i  *-  •Oiri<ZZ*-< 

wJ  ^  L— 

<  Z 
C  C  U.  >  □  D 
O  O  I—  <  O  C> 


D.  I- 

z  z 

*-  D 
t/>  U) 


J  <  < 

c  >  > 
'  <  < 


—I  <  ■ 
<  > 
>  <  !■ 


A-12 


Di:rE=AVALIIF  (7)  041700  SP.-PFNAM73 

0000000001 1111 11 1112  J3r?,2?22233333333334444444444';ir,4?4r>5556666f.666667777777777PBB808e8889  COLUMN  NUMBERS 
123  41(17890 12  34  5678O01234  ?(>7n901  2  34  5(,  7890123450789012  34  5678  9012345678901  2  34  56  78  0  0 12  34  587890  (READ  VERTICALLY) 

LISTING  A-1  FORTRAN  LISTING  OF  PAM  PROGRAM  -  CONT'D 


o*  o 

CD  O- 
S>  CO 
®  r- 
®  ® 
®  m 
®  -S' 

®  CM 

®  iH 

®  O 
r-  o- 
® 
f*- 

fs,  ^ 

r-  ir\ 
-J- 
r-  n 
f-  »v 
r-  »-« 
r-  o 
>0  O' 
ffi 
o  P- 
'C  'C 
'C 

>0  >J- 

-c  n 

'C  N 
'C  ^ 

®  o 

ITt  O 
ir\  ® 
h* 
tf\  c 
in  in. 
m  «r 
in  po 
tn  re 
in  fH 
in  o 
•tf-  O' 
oT  ® 

<r  N 
<■  ^ 
^  in 

ij-  »?• 

<  n 
<-  i\: 
-C-  tH 

^  o 

PO  O' 
pn  e 
fO  f"- 
pn  ..c 
po  m 
ffi  -n 

pn  pn 
m  f\j 
po  f-» 

m  o 

PM  O' 
PM  ® 
PM  r~ 
PM  vO 
PM  in. 
PM 

PM  PO 
PM  PM 
PM  iH 
PM  O 
H  O' 

t-l  ® 
»-l 

rH  «0 


O  O' 
O  CD 

o  n- 
o 

O  L". 
O  ..n 
O  PO 
O  PM 
O  iH 


^in*0P'“®0'Of-iPM(f)«n 

p^r«.r'-®®®®tt 

CEsiEarEaictzar 

<<<<<<<<<<< 

zzzzzzzzzzz 

LULUUJUJUJLiJliJUJUJUJU: 

I  I  I  I  I  I  i  I  1  I  i 

cnvoi/'i«/i(<ni»np<nt*ni<ncnto 


OOOOOOOOOOO 

^<MPf>*J‘if>®n“®0'O«-i 

p»f»«P'-f'“t'“p'“f'“p“P“®® 


OOOOOOOOOOO 


♦ 

«- 


z 

UJ 

z 

ku 


< 


to 


<  < 
>  > 
<  < 


«0 

o: 


o 

o 

LU 

a. 

X 


o 

CM 

X 

..tf- 


<  < 


O::  CM  O 

*■  c  o  z 

LL  U.  u.' 


* 

«■ 


o  o  o  <->  o 


r-t  CM 
rH  »H 
1-1  O 
O  O' 
O  to 
o  n- 
o  «0 
O  U‘. 

o 

O  pn 

O  PM 


Q 


O 

O 


< 

csl 

CD 

O 

CxC 

D> 


< 

a. 


CD 


00 


< 

Q1 


CC 

O 


I 

< 


LU 

O 

< 

O- 


— J 


A-13 


A-15 


0.0,  20.,  30.,  5.,  60.,  90.,  13  5.  »  180. 

20 00., 18 00.,  16 00.,  1400.,  12 00.,  10 00., POO., 600 


A-17 


< 

Q- 


O 


(NJ 


o  ^ 

< 
<  f- 


5  bu  (/)  O 

a:  S 

J  D  =  £ 
“t  o  o  ►- 
-  lii  •-(  “ 
a:  X 
5  3  = 

O 

u  t-i  CL  u 
C  U. 

fco  h- : 

D  M  X  £ 

H-  X  LL 

c 

j  o  In: 

S  LO  S  < 


HH  q: 
:3  3  •  < 
o  -J 

Ct  LU  O 
2  LU  H  LU 
L'  to  <  Cj 
<  X  UJ 
^  a;  K- 
frO  o  X 

O  ►-«  UJ  < 

-'  XX 
u  X  LU  UJ  < 
-  <  UJ  I-  < 
UJ  CO  < 
u  CL  K  : 
D  t—  CO  LI  ► 
Z  «/)  <  » 

J  X  X  : 

r  X  X 

J  CL  rH  UJ  r 
X 

to  UJ  L 
•  *-H  C.  UJ  C 


UJ  X 

»-  a.'  X 

UJ  u.  c 

<  t  Q. 

CL  u. 

<  UJ 


<  U  XX 


Cl  ^  X 
<  S  ^ 
f-  Ci 
UJ 

C>  X  < 


-  o  c 


►“  X  X  c  <  c  : 


I  to  •  X  I 

-  UJ  X  CL  »-  I 

X  C  UJ 

T  t-i  . 

J  >  tu  u-  . 

:  o  UJ  X  X  • 

I  CL  o  o  ; 


:  <  < 

t  to  J- 

II  »- 

:  o  < 


X  <  1-  : 
X  <  to  I-  ( 

X  ii  <  < 

a'  X  o 


>  X  UJ  I 

-  X  II  ; 

-  CL  U-  I 


:  u.  _j  CO  o  >-  r 


->  CO  CL  >-  UJ 
::  UJ  CL  X 

J  o  .J  <  UJ 
“UJ»-HXh- 
I  ►—  C.  I-H  < 
-<Xa3i- 
T  UJ  C  UJ  to 
O.'  O  .J 
-  UJ  c.  ►- 


^  M  (N : 

.  CD  U-  I 
J  X  a.  * 


J  X  a;  <  UJ 

:  Q  C  Cl.  X 

-  UJ  U.  *,  h- 


K  X 
•<  X  i_  . 

o  CL  03  I 


UJ  l->  X 
X  <  ■< 
CL  X 
CO  C 
l»l  CL  UJ 
X  oj  .J 
C  H- 

u>  u. 


o  to  • 

X  X  UJ 
<  <  _j 
CO  C  >-( 


:  Cl  ►-  to 
;  X  X  < 
•  <  UJ 


<  UJ  < 
P-  O  3 
to  < 

X  I- 
*-  •< 
X  to  X 

UJ  UJ  h- 

X  o 


a.  ^ 


CL  P- 
<  X 
UJ  X 

o 

CD  UJ 
O  UJ 
“9  < 


-h-J—  P-P- 


•*  P-  P“  h-  P- 


C  O  D  O  D  C 
UJ  UJ  UJ  UJ  UJ  UJ 


XXXX_IXXt-.X 


CL  X  : 
p-  X  : 
UJ  a  i 
fSi  UJ  t. 


:  I-  X  X  X  X 


••  H-  P—  Cl.  ^ 

X  X  X  <C  3 

UJ  UJ  UJ  P—  L 

<  X  X  ^  5 

p-  X  X  D  a 

p-  o  o  o 

<  U>  UJ  _J 


X  X  X  p-  ; 

o  o  o  X  ( 

UJ  U>  UJ  UJ  ( 


A-18 


A-19 


■I  CU  o 
H  w  O- 
•*  r-1  (C 
H 


*H  r-t  CU 
rH  r-t  ^ 

rH  O 
•-H  O  C^ 

i-<  o  ee 
•H  o  h*- 

i-t  O  U3 
iH  O  If, 

*H  o  ^ 
•H  o  m 
■H  o  fU 
•H  O  ^ 
-H  O  o 
O  C^  O' 
O  O'  CD 
O  O'  N 
O  O'  sC 

o  o  ifi 

O  o-  >T 

o  o  fo 

O  O  CU 
O  O 

o  o  o 

o  CD  O 
O  CD  C 
O  eo  f'- 
o  CO  o 
O  CD  (A 
O  CO  sy 
O  CD  fO 
O  CO  CU 
O  CD  >-1 
O  CD  o 
O  o 

O  f"  CD 
o  fw 

C  A-  UD 

o  m 

o  r-  ,»■ 
o  r-  rci 

O  N-  CM 
O  f'-  iH 
O  f".  o 
O  c  o 
o  <c  a: 
o  >0  r- 
O  >0  '<0 
O  >0  tn 
O  -<0  •f 
o  -o  fn 
c  ^  CM 
O  O  rH 

O  O  O 
o  in  o 
o  o 

O  iA  f" 
O  c 

O  tf't  »A 
O  C. 

O  PO 

o  ir>  Psj 

O  fcr»  rH 

O  iTi  o 

O  X*-  o 
O  -J-  CD 

o  '?•  r- 

O  -r  >D 
O  o-  tr. 
O  sT  ■<• 
O  CO 

O  C"  cj 

O  <■  rH 

o  o 

O  CO  o 

O  CO  CO 

o  m  r 
O  m  us 
o  m  lA 

o  fO  »3- 
O  CO  fo 
O  CO  c\.' 

O  CO  rH 
O  CO  c 
O  CU  0 
O  CU  CD 

o  CU  r- 

O  CU  Cl 
O  CU  lA 
O  CU  ^ 

O  P^J  CO 

o  CO  ru 

O  CU  p-l 
O  CM  c 


_  .-I  o- 

O  «H  CD 
O  •H  C~ 
O  iH  <3 
O  rU  lA 
O  »-t  ^ 
O  rU  CO 
O  r-4  CM 
O  tH  •— I 
O  r-<  O 
O  O  O' 
O  C  CD 
O  O  C- 
C  O  ^ 
O  O  lA 
O  O  sT 
O  O  CO 
O  O  CM 
O  O  .-H 


CO  C 

-J  o 

H  O  1^ 


Cb'  UJ 

o  o 

o  ~  II 

*—  •  <  X 

LU  O  CA  M2: 

O  O  cj>  c^  CD 

oD  o  ii  :z  sr  Cl 

<  »0  >  t~!  a:  I-. 

►-  o  C) 

O  O  <  o 

O  O  O  LU  o  r>4 

UJ  O  •  S  iH 


^  H  ts  2: 

Cl.  II  o  Cb  II  s: 

UJ  X  CO  <  5t:  a: 

c*:  I-  <  »-  z  Cl 


M  «« 

•—  “5 

•H  -a  O  •»  O 


M  •*>' 

CO  -5  o  •,  O 


l-H  o  —  O 

W  X  c 

X  X  ir> 

II  X  C/0  t-t 


lA  *7  O  •.  O 


M  O  — ’  O 
W  X  o 
X  X  Ift 


o  n 

•  CO  0. 

o  eg  o 

O  .-H  I- 

>c  ^  < 

o  z 

iH  C 


O  .H  o 

•  c 

O  CO  C 
O  CO  c 
h-  m  • 

CO  ■£) 
lA  O 


0  O  O  u-  i-( 
X  C  C.  tJ 
X  o  o  c 

to  rO  tJ  _l 


©  ©  O  O 
-J  ©  ©  O  © 

<  ©  ©  ©  o 

CU  O  CO  0 
UJ  CO  ©  CO  CO 

>  •  •  •  • 


Co©©© 
O  o  o  o 

UJ  o  o  o  c. 

X  ©  rH  CD  © 

O  CM  O-  CD  ® 


•  o  ©  o  o 
o  ©  o  o  o 
coo© 
©  c  ©  o 

II  CO  o  o  c 


•  •  II  X 

0  O  UJ  1-^ 

n  o  o  »- 

to  D 
U>  O. 

O  to 
»-*  UJ 
Of 
to 

j  O  -7  X 

•  •  <  <r 

o  <  u- 

0  O  SI 
O'  < 

o  © 

©  O  a: 

II  u.  • 

—  a.  lA  z 


<  o  o  o  o 
»-  o  o  ©  o 

-J  ©  ©  ©  o 

UJ  o  o  ©  o 
Ci  CO  o  o  © 


©  o  o  o 
II  o  o  o  o 
UJ  ©  o  o  © 
o  ©  o  ©  © 
X  <M  o  o  o 


o 

o  o  o  o 

H-  O  O  o  O 

<  o  o  o  o 

X  c  o  o  c 

o  ru  o  o  o 

to  -I  ri 


I-H  »H  CU 

^ 

pH  pH  o 

pH  O  © 
pH  O  CO 
pH  O  N 
•H  O  -D 
pH  O  lA 
pH  O  -J- 
pH  O  ro 
pH  O  CM 
pH  O  pH 
pH  O  O 
O  ©  © 
O  ©  ® 
O  ©  C- 

o  ©  o 

O  ©  lA 
O  ©  'tf- 
o  O  -  CO 

o  o  ru 

O  ©  pH 

o  ©  o 
o  ®  © 
o  ®  ® 

O  ®  C“ 

o  ®  ® 

O  ®  lA 
O  ®  -J’ 
o  ro  m 
O  ®  CM 
O  ro  pH 

o  eo  o 
o  r-  o 

O  C-  CD 

O  Cp 

©  r*  >c 

©  r-  lA 

o 

o  r"-  m 

©  C-  CU 
©  r-  pH 
O  C>  © 
o  «o  © 

©  O  CD 
©  >0  C*- 
©  O  C 
O  O  lP 

©  ©  g* 

O  ©  fO 
O  ©  fu 

©  ©  PH 

o  ©  o 

©  if.  © 

o  iA  ro 
C  lA  h* 
O  if.  © 
O  lA  If. 
O  lA  © 
©  iA  CO 
O  lA  CO 
O  ©  -I 
O  if.  O 
O  sf  C 
C  CD 
O  sT  f'- 
©  'J-  © 
O  -J-  u'-, 
O  -c- 
O  "J-  ro 
O  '3'  fU 
O  -O'  pH 

©  <■  o 
O  ro  o- 
O  ro  CD 
O  fo  c- 
C  ro  © 
O  ro  lA 

O  CO  ..A 

©  ro  n 
O  ro  CU 
O  ro  pH 
O  ro  c 
O  ru  © 

O  CO  c 
©  CO  r- 
O  CO  © 

O  CM  IT. 

O  CO 

©  CM  ro 
O  CO  CO 
O  CO  pH 
O  CO  O 
O  I-H  C 
O  pH  ro 
O  pH  r~ 

O  pH  © 

O  pH  If. 

O  pH  sf 
O  pH  ro 
CA  pH  CM 
O  pH  pH 
O  pH  O 
COO 
o  o  ro 
o  o  C“ 
c  o  © 

O  O  lA 
O  O  nJ- 
O  O  ro 
o  o  CU 

O  O  pH 


< 

Q_ 


o 

oc 


o 


I— 

00 


A-20 


A-21 


LISTING  A-4  SAMPLE  OUTPUT  FROM  PAM 


A-22 


LISTING  A-4  SAMPLE  OUTPUT  FROM  PAM 


A-23 


^  o  o 

fH  o  CO 
•-I  o  r- 
o  ^ 
r-l  O  U'^ 
•H  O  *?■ 
i-i  o  m 

•H  O  CO 
«H  O  ^ 

^  o  o 

O  O'  o- 
O  O'  CD 
O  O  f'- 

o  o  >c 

O  O  if> 

o  o  <■ 

O  o 

O  O  rs. 
O  O  .H 

O  o  o 
o  CO  o 

O  C  CD 

o  CD  r^ 
o  cc  >c 

O  CD  ITi 
o  CO  >»• 
O  CO  m 
O  o  rw 
O  CD 

o  CO  c 
o  O' 

Of'-® 
o  r**  r- 
©  r-  >0 

O  f'-  kfi 
O  -tf- 

O  P'-  m 
O  h-  rj 
O  N  ^ 
O  h-  O 

o  c  o 
o  ©  ® 
o  ©  r- 
o  o  c 
c  •«  u^ 
©  o  ^ 
o  ® 
o  lO  <\j 
o  o 
©  iC  c 
o  ir»  c 
o  if>  c 
o  iT)  r 
O  ir\  ^ 
o  in  in 
c  in  w- 
o  in  n 
o  in  <sj 

C  iTi  i-t 

O  in  o 
o  nT  o 

o  CO 

c  >r  r- 

c  ^  c 
o  -n  L'i 
o  -n  *?■ 
o  n 

O  <■  C\3 
o  <•  1-f 
o  >*•  c 
o  m  o 

O  r-i  c 

o  m  r-- 
O  m  c 
o  m  in 
O  n  ^ 
O  m  n 
O  nj 

o  m  .H 
o  fO  o 

o  CM  O 
O  CvJ  K 
©  nj  h- 
O  (NJ  >0 
O  nj  IT. 
O  fo  »j- 
O  CM  n 
O  CM  CM 
O  CM  rH 
O  CM  O 
©  rH  C 
O  .H  C 
o  fH  r- 
©  fH  O 
G  iH  ITi 


O  *H  O 

o  o  o 
o  o  ® 
o  o  r- 
o  c 
o  o  u■^ 
o  o 
com 

O  O  (M 
O  O  fH 


0©0©©©00©0 

-jooooco©ooo 

<cooo©o©ooc 

CJCNfHir^CMfffHOCMm 
iLi  O  -9"  C  OOOOOOC 

. . .  •  •  .  . 

UJ  O 
0-5 


ooooocooooo 

©ocooooooc 

U-'OOCOOOOOOC 

z:  O  r-  '  -H  u*-.  CM  fH  o  CM  m 

00*^0  c  ooooc  o 

o  o 


>oooocoooo 
>oococoooc 
:•  o  c  o  o  o  o  c  c-  c 
oococooc 

>'f-OOOOOOOC 
>  W  IH  fH  fH  ^  pH  fH 


<oooooocooo 

l-OOOOOOOOOO 

-JOOOOOOOOOO 

UJOh-OOOOOOOO 

oofnooooc  ooo 


oo©©ooo©  ©o 
-J00©000©©©0 
<00000000  oo 
a;  o  p'  N  r-  c  »H  N  0  r-  k 
Luo-4"'0>0'0P'-r''-c^f0 
>••••••••*• 

UJ  o 

to 


coooocooo  ©o 
ooooooocoo 
UJOCOCOOOOOO 
^oP'~n>p'~®pHr>.or''p'- 
cc>'f'C'C'Cr^t'--c*0'C 
o  ^  . 


)COOOOO©OC 

jOCOOOOOOO 

lOOOOOOOOC 

'p^inn-ir.omincoc 

)>noooooooo 


<0000000000 
I— ooocoooooo 
^oooooooooo 
tu  o  p-  L''c  n-  in  »o  in  CD  CO 

OO'TC'C'O-O'C  CO© 


(r» 


oooocooooo 
II  oooooooooc 

IHOOOOOOCOOO 
OOP-OOOOOOOO 
zrCfnooooc  ooo 

<•••••■•••• 

O  fH  fH  fH  H  ^  pH  fH 


►hOOOOOOOoOC 
I—  OOOOOOOOOO 
<OOOOOCOOOC 

zrcn-cooco'Ocz.c 

OO'J'OOOOO  ooo 

HCa********. 

too  pHpHpHpH  ^pHpH 


oooooooooo 
II  oooooooooo 
tuoooooooooo 
oor-inp-inominco® 
no^^©©o©o■•©c^c' 

. . . 

CL  O 


HfOOOOOOOOOO 
►-OOOOOOOOOO 
<0000000000 
o  r-  in  p-  If.  o  fn  IT.  ®  0- 

OOfJ-©©  ©©©©©© 

to  o 


©©OOOOOOOO 
— lOOOOOOOOOC 
<0000000000 
CLO>OnjfMC  'TfHvDvC 
uJOCMfncnr'ifOfOCMnjCM 
©■•••••••••. 

tu  O 


OOOOOOOOOO© 

oooooooooo 

ILIOOOOOCOOCO 

2:OfOCMCMC'ftf'iH»Of3'C- 

OOtMmromnforsjfMrj 

OO*’*****'* 


>000000000 
>ooooooooo 
>000000000 
>'Cif.rnocDir.  fH'CfJ' 
>tMP-P“p'>OOP-»0*C' 


<0000000000 

►-OOoOOOOOOO 

-JOOOOOOOOOO 

uJO'OunrOfCtoinrH'Dfp 

OOCMP'P-P-0'OP~'O.C 


OOOOCOOOOO 

-JOOOOOOOOOO 

<oococ©o©o© 

CLOP-  ®ocDu.oif^>rfC 
UJOOC  iHrHOfHOfHrH 


COOOOOOOOOC 

lOCCOOOCCOC^ 

IHOOOOOOCOOC 

z:  o  P“  CD  o  o  ifi  o  ifi  c-  c 

COOOfHfHOrHOiHfH 


O  o 


•oooooooooo 
>0000000000 
‘>0000000  coo 

Hor-G  IT.  r-lpHCMCOiH 
I  oOfOfn«j-ro>rroNpsj- 


<0000000000 
f—  oooooooooo 

-JOOOOOOOOOO 

LUOP-OtnrHfHPJCOCiH 

ooomro.»-m«.rfOs3-*r 


OOOOOOOOOO 
U  OOOOOOOOOO 
LUOOOOOOOOOO 
C'O'Ou.  rOfOeom.H'O'J- 
^OCMP-P-P-O^f'-.OO 

. . . 

or  o 


ihOOOOOOOOOO 
H-COOOOOOOCO 
<0000000000 
rrcoinm  o®ir.  ph>d<- 
OCCMP-h-p-OOt'->0*0 


to  o 


OOOOOOOOOO 
II  OOOOOOOOOO 
ujCOOOOOOOOO 
OOP“©ir.  pHrHCMCDOfH 
^OOr*',  fn»:-p-|•J■f^|sJ-.J■ 

<  . 

ct  O 


•hOOOOOOOOOO 
►-OOOOOOOCOO 
<0000000000 
-_CP'©  ir-iHpHfMCOOfH 
OOomm>prisrfri*3'Nj- 
►-*•••••••••• 

</^  C 


HO© 
pH  o  ® 
H  o  P- 
IH  o  O 
fH  o  in 
p^  o  -.r 
•H  o  fn 

pH  O  CM 
PiJ  O  H 
-J  O  O 

o  ©  © 
o  ©  ® 

O  ©  P- 
O  ©  fC 
O  ©  in 

o  o-  <■ 

o  o  m 

O  o  -  CM 
O  ©  p-l 

o  ©  o 
o  ®  © 

O  ®  C 
O  ®  P- 

o  ®  ® 
o  ®  in 

O  ®  fj- 
O  ®  fC 
O  ®  CM 
O  ®  pH 

o  ®  o 

O  P-  © 
O  P“  c 

o  r-  p- 

©  P-  >c 
O  P-  If. 
O  P-  fj- 
O  N  C<I 
O  P-  CM 
O  P-  -I 
©  P-  c 
o  o  © 
o  c  ® 

O  sO  P- 

o  c  ® 

O  O  IT. 

o  o  .r 
o  ©  m 

©  ®  CM 
O  C  f-f 

c  c  o 
O  L"*.  c 
o  m  ® 
O  IT.  P~ 
cm.® 
o  in  If, 

C  .c- 

o  tn  m 
o  in  fM 
o  ITi  ^ 
o  in  o 
O  >0-  c 

C  "J-  ® 
C  sT  P- 
C  ^  fC 

c  .n  L  , 

C  N«-  O- 

o  -n  m 
O  .J-  <M 
O  nT  rH 

o  >r  c 

O  fo  © 

o  m  c: 

O  m  p- 
C'  m  .D 
o  n  If. 
o  m  .j- 
O  m  rn 
O  m  rj 
O  m  fh 
O  ro  O 
O  f  J  © 
O  CM  CO 
O  N  P- 
O  rsj  *0 

o  CM  ir, 

O  CM  •J- 

o  CM  m 

O  CM  CM 

O  CM  H 

O  CM  O 
C  fH  G 

o  H  t; 

C  H  P- 
O  H  >0 

O  fH  If, 

O  H  .J- 
O  H  fO 


o  o 
o  o 
o  o 
o  o 
c  o 
o  o 
o  o 
o  o 
o  o 


< 

Q_ 


O 

cx:  •— 


O 

Cl. 

LD 

r:> 

O  UJ 

o 

UJ  < 
— J  Cu 
Cl.  — ^ 
2: 

< 

00 


I 

< 


A-24 


z 

z: 

Zi 

a 

u 


z 

z 


o 


^  (M  O 
O 

^  »H  eo 

iH  w 
i-<  r-(  >0 

^  Ifl 


<\J  O 
1-H  C^ 


fH 

r-l  >0 

•H  ir. 


*-<  (Si 


^  o 

«H  O  <> 
O  09 
iH  O  h“ 

f-<  o  -o 
^  O  in 
fH  O  <4' 
f-l  O  fO 
<-*  O  (M 
iH  O  »*< 

o  o 
0^0- 
O  O'  09 
O  O' 

O  O  ■>0 
o  o  in 
o  o 
o  o 

O  O  «M 
O  O  rH 

o  o  o 

O  CD  O 
O  CO  09 
o  09  f'- 

o  CO  o 

O  CO  m 
O  09  '9- 
O  CO 

o  09  nj 

O  CO  tH 
O  09  C 

o  o 

o  CO 

o  r*  r- 
o  r-  >0 
o  r-  m 
o  'T 

o  r'-  m 


O  CM 

©  r-  tH 

o  r-  o 

O  ©  O' 

rH 

o  ©  O 
o  >0  r- 

c  ©  © 

O  C  If. 

©  ©  <■ 

©  ©  cn 

©  ©  (SI 

©  ©  rH 

©  ©  © 

o  in  0 

OOOOOOOO 

oooocooooc 

c  in  09 

OOOOOOOC 

-JOOOOOOOOOO 

o  in  f- 

OOOOOOOC 

<0000000000 

m©©c  ("-(M©© 

C4;OrHO«Min(C.  rH©<MO 

mfsimmcMcncMfn 

O  IT.  -rf- 

o  u*.  cn 

m  o 

o  m  (SI 
O  If.  r-l 

o  in  o 

O  -f  © 

OOOOOOOO 

OOOOOOOOCOO 

O  -tf-  © 

oococcoo 

occooooo 

UJOOOOOOCOOO 

o  <  © 

rn©©©r''-r9©© 

ZOrHOMinCOrHOCMO 

O  -9- 

rncstmmrjfOCMm 

O  •9-  -C- 

o  -9-  n 

o  o 

o  .9-  (SI 

O  <  iH 

o 

O  '9-  C 

o  m  © 

OOOOOOOO 

•oooooooooo 

cm© 

OOOOOOOO 

OOOOOOOOOOO 

c  cn  f- 

OOCOOOOO 

inoooooooooo 

O  fO  © 

r-iHOC'i-CLnmn 

rHOrHmOinrHf'-©Om 

o  fO  in 

mf'-or'-r-r'-r-r'' 

u  oO(M-9''.f'9'(nfMcnm 

O  m  >9- 

o  m  m 

sz  c 

o  m  csj 

O  m  rH 
0(^0 

O  <M  © 

OOOOOOOO 

<0000000000 

OOOOOOOO 

l-OOOOOOOOOO 

OOOOOOOO 

-JOOOOOOOOOO 

O  <M  © 

h-rHO-^iHincnm 

uJOrHff>Ounf-cr'»-©oys 

inr-or-f'-r''  r-r- 

oOOCM-^-r^-mtMcnco 

O  CM  sJ- 

o  CM  m 

o 

O  (^J  ro 

O  (M  f-4 

O  CM  O 

< 

O  r-l  0 

OOOOOOOC 

oooooooooo 

O  I-I  © 

OOOOOOOO 

II  OOOOOOOOOO 

O  rH  h- 

OOOOOOOO 

LdOOOOOOOOOO 

f'-rHO  M"r-lu,m  m 

C^OrHmOinrHh-OOlfi 

inh-or'-r'-r-r-r'- 

ZOO<M»^.9'HffncMC'0(n 

O  f-l  -9- 

O  rH  m 

O  rH  CM 

fir  O 

O  rH  rH 

O  rH  O 

c 

O  O  © 

OOOOOOOO 

t-tOOOOOOOOOO 

O  O  © 

OOOOOOOO 

1-OOOOOOOOOC3 

OOOOOOOO 

<0000000000 

o  o  © 

r-i-HO^rHinmm 

ZOrHfOCu.rHr‘-CO©in 

If.  r-or-f'-r'-r'-f- 

OOOfM'J'C'J’fOCMfOn 

O  O  Sf 

O  O  m 

to  O 

O  O  CM 

O  O  rH 

a 

UJ 

o 

Cl 

< 


OOOOOCOOOO 

JOOOOOOOOOO 

<0000000000 

CLOOOO»HrH.HOOr«( 

WOOOOOOOOOO 

. . 

U)  O  O  O  o  o  o 

fcO 


a: 

ooooooooooo 

oooooooooo 

UiOOOOOOOOOO 

ZOOOOrHi-l.-lOO.-t 

ooooooooooo 


o  o  O  o  o  o  O 

c 
o 
o 

•oooooooooo 

ooooooooooo 

ooooooooooo 

cnoOrH,Cir»'3‘®C'inco 
It  OOOOOOOOOO 


zoo 


<0000000000 

I-OOOOOOOOOO 

-JOOOOOOOOOO 

iijOO.-»>C'in>#-OD'j'inrj 

OOOOOOOOOOO 


O  o 

itf- 


oooooooooo 
N  oooooooooo 
ujOOOCOOOOOO 
C>OOr-»>om"^(o>j'tnrj 

zoooooooooc 

. . . 

oi  o  o 

z 

Q 

►hOOOOOOOOOO 
l-OOOOOCOOOO 
<0000000000 
zoc.-i.oif.  .j-09<tnnj 
ooooooooooo 


frO  O  O 

UJ 

o 


fH  o  09 
ri  o  r^ 
fh  o  >o 

r-l  O  If. 

rH  o  -r 
rH  o  fO 

iH  O  <V 

rH  o  rH 
rH  o  O 
O  O'  O' 

o  O'  cc 

O  O'  f"- 
O  O'  .0 
O  O'  If. 
O  O  sT 
O  O' 

O  O  fs) 
O  O'  rH 
O  O'  o 
O  09  O' 
O  CD  CD 
O  CD  h- 
O  CD  sO 

o  CO  If. 

O  CO  .ff- 
O  CO  fn 
O  CO  cv 
O  CD  r-i 

o  ®  o 
o  h-  0 
c  r-  CD 
o  r-  r- 
O  N  c 
O  f'-  If. 

o  r-  .9- 


CM 

o  (n 

C  f-  (SI 

<1 

O  r-  rH 

O  o 
o  ©  © 
o  ©  © 

tf. 

o  ©  N 

O  •«  L-. 

UJ 

O  ©  <4 

c 

c 

o  ©  m 

& 

a: 

O  C  (S! 

< 

O  ©  rH 

oooooooooo 

o  c  o  o 

-JOOOOOOCOO© 

rJ  O  O  O  O 

<0000000000 

<  c  o  o  o 

u.  o  o  ©  f-  o  o  p*.  >r  r*  © 

UJOO©©©©©©©  © 

w  o  o  ©  © 

b  in  L*. 

UJ  O  O 

UJ  O  O 

o  m  fo 

V/ 

Vi 

o  in  rj 

Cl 

o  If.  rH 

OOOOOOOOOOO 

c  c  o  o  o 

O  .J-  c 

oooooooooo 

UJOOOCOOOOOO 

UJ  O  O  O  C' 

o  -J-  r- 

-_oo©r'-©om>9-r-  c9 

Z  O  C  ©•  rH 

C00©©©0-©©©© 

c  o  o  ©  c 

O  M-  If. 

o  o  o 

o  o  o 

o  m 

O 

c 

O  -J-  CnJ 

c 

o 

c 

•OOOOOOOOOO 

•  O  O  o  o 

o  m  Q 

ooooooooooo 

o  c  o  c  o 

oooocooocc 

coco 

C'  ro  r 

oo©coc  occo 

o  o  ©  o 

ii  00©©0©0©©0 

II  o  o  ©  o 

o  m  If. 

UJ  •  •  •  • 

C  m 

zoo  rH  rH  rH 

E  O  C  rH 

O  m  ff 

O  m  (S' 

1- 

1- 

O  fO  rH 

<0000000000 

<  O  O  O  O 

O  m  o 

H-OOOOOOOOOO 

1-0000 

-JOOOOOOOOOO 

— J  O  o  o  o 

UJOO©©OC70©©0 

UJ  o  o  c  o 

O  (M  © 

ooo©©oc  0©©0 

o  o  O  ©  O 

o  CM  m 

O  O  rH  rH  rH 

O  (M 

O  O  rH 

o  (M  m 

US 

in 

O  CM  (M 

OOOOOOOOOO 

o  o  o  o 

O  CM  rH 
O  fw  c 

*1  OOOOOOOOOO 

II  o  o  o  o 

O  rH  © 

UjOOOOOOOOOC 

U.  O  C  o  o 

c>oo©©oco©©o 

o  o  o  ©  o 

--00©©  o©  o©©o 

z  o  o  ©  o 

O  H  If. 

. . 

<  •  •  •  • 

O  rH  .9- 

cy-  O  O  rH  rH  rH 

D:  O  C  ri 

O  rH  (SS 

z 

O  rH  (M 
o  rH  rH 

c 

O  rH  O 

►HOOOOOOOOOO 

►H  o  o  o  o 

o  o  © 

♦—oooooooooo 

<OOOOOCJOOOO 

<  o  o  o  o 

zoo©  CO©  o©  c  o 

z  c  o  ©  c 

o  o  © 

ooo©o  o©-o©©o 

o  o  o  ©  o 

o  o  in 

O  O  '9- 

Cfl  O  O  rH  rH  rH 

O  O  rH 

o  c  n 

UJ 

iL 

o 

O  O  rH 

A-26 


LISTING  A-4  SAMPLE  OUTPUT  FROM  PAM 


A-27 


^  p-l  «M 
.-4^0 

I-I  o  o- 

fH  o  OD 

^  o  r- 
^  o  o 
iH  o  in 
tH  o  'J- 
i-i  o  f*l 

^  O  fsj 

rH  O  -H 

^  o  o 

C3  O'  o- 
O  O'  CO 
O  O  t'- 
O  c-  'O 
O  O'  «“> 
O  O-  -j- 
o  O'  m 
o  cr  n- 

O  O'  .H 
O  O'  o 
O  CO  o 
O  to  CO 

o  eo  n- 

O  CD  >0 
o  CO  tn 
o  ®  >J- 
O  eo  m 
O  CD  «M 
O  CO 
O  00  O 

o  r-  o 

O  f'-  CD 

o  r-  n- 
o  ^  >0 
o  h-  in 
O  f'-  'J' 
o  h-  n 

O  h-  CM 

o  f«. 
o  r-  o 
o  >0  c 

O  CD 

O  O  f'“ 

o  ^  >c 
O  ’C  IT' 
o  o  <■ 
o  ■C 
o  -n  CM 
O  C  fH 

O  'C  o 
O  LT,  o 
o  in  K, 
o  in  r* 
o  m  c 
o  m  iTi 
o  in 
o  in  m 
o  in 
o  u*. 

O  IT,  o 

c  <■  c 

C-  <■  a. 
o  *?•  n- 

O  <■  >D 
O  "J-  iTi 
O 

C  *4-  n 
O  sj-  CM 
O  sj-  W 
O  •£■  O 
O  n  o 

O  fO  CO 

o  fo  r- 
c  fO  »c 


G  CT)  r*^ 

o  m  CM 

O  CT)  ^ 

O  rn  o 
O  CM  O' 
O  CM  CD 

o  CM  r- 

O  CM  ^ 

o  CM  in 
o  CM  «r 
o  CM  n 
O  CM  CM 
o  nj  ,H 
O  CM  O 
O  iH  O 
O  r-<  {E> 

o  ■-*  r" 

O  IH  o 
o  I-I  in 

O  rH  »n 

O  iH  fT, 


e  o  o  o 
c  o  o  o 
000c 

iH  ^  O  C 

0000 

'  *  o  c5 


000c 

000c 

0000 

r-l  rH  O  O 

O  O  C  O 


0000000000 

•JOOOOOOOOO© 

<0000000000 

a-OCor-cnocneomr- 

U)00.-HCDOO'CO®CD 

=>  . . . 

UJ  o  o 


a; 

OOOOOOCOOOO 

oooeocoooo 

UJOOOCOOOOOO 

ZTcoor'-rooc^oinr' 

OOOiHOO'CC'OOO 


o  000000000 
-JCOOOOOOOCO 
<0000000000 
c..oO'roc^'4-oir.  o  h- 
Luoonjo'o'rooo'coo- 

UJ  o  o 


Ck.' 

C'COOOOOOOOO 

oooooocooo 

UJCOOOOOOOOO 
:::oo«4'Omkromo'r'' 
OOOCMO  O  CO  O'  O  CO  o 


0000000000 
-joooooooooo 
<0000  oooc  00 

arcoof"  OfMrc)frih-n 

tJOOCM^-^'C0^-O•£l^- 

UJ  O  o  *  * 

t/". 


0*0000000000 
OOOOOOCOOO 
LuOOOOOOOOOO 
^ooof'-ocMforon  n- 
croocMf'-n-cor'-oor'' 


o  o 


0000 

oooc 

oooc 

rc)  (T)  c^  •4' 

0000 


0000 

0000 

0000 

cc^  cn  m  kT 

0000 


000 


•0000000000 

5000000000C 

ooocoooooo 

OOOCMCOOOOO- 
I  OOiHOOOOOOO 

—  O  O  ^-4  •— I 


<0000000000 

f-OOOOOOOOOO 

-JOOOOOOOOOO 

UjOCO'CMC'OOCOP- 

o  O  O  tH  c  O’  O  O  O  O  o 


O  c 


iH  «-<  f— •  f 


000 
00® 
o  o  r*- 
c  c  ® 

O  O  in 
0  0-4- 

o  o  m 

O  O  CM 


0000 

0000 

0000 

m  cn  CO  -4- 

0000 


0000 

0000 

oooc 

m  m  fo  <■ 

0000 


oooooocooo 
II  oooooocooo 
ujOOOOOOOOCO 
OOOOC'JOOOOOO' 
roOrHO'O'OOOOC 

. . 

Ol  O  O  ^  fH  iH  iH 


MOOOOOOOOOO 
i-OOOO  000000 
<0000000000 
srooocMC'OCcoo’ 

OOOf-iC'O'OOOOO' 


000 


•OOOOCOOOOO 

>0000000000 

OOCOOOOOOO 

oO’4’r'-r~oaoco 

OOCMO  ooc-oc-o 

:  o  o  ^  ,-1  ^ 


<0000000000 

l-OOOOOOOOOO 

JOOOOOOOOOO 

uuoC'C-r'-r'-oc  000 

OOOCMOO’OC'OC'O 

00  ^  ^  ^ 


OOOOOOCOOO 
II  oooooooooo 
UJOOOOOOOOOO 

ooo'j'f'-r-ooooo 

sroocMp  o  0000  0 


000 


•oooooooooo 

ooocooooooo 

moooooooooo 

00®®0^  O^CMC 

8  OOCM®OC^O•C^C^O 


<0000000000 
>-0000000000 
-JOOOOOOOOOO 
UJ00®®®f'~0'4-CM’C 
OOOCMOC-OP-  C^C^C^ 

00***’’**’ 


OOOOOOOOOO 

MOOOOOOOOOO 

ujoooo  oooooo 
ooo®o®r'-»o*4-cM'0 
z:oocM®0  0'0-0'C  o 


oocooooo 

jOOOOOOOO 

<0  0000000 

0.0000  ®fnr.  c 

UJOOrHCMfMrc>CM«M 

>•••••••• 

woo 


DOOCCOOOO 

oooooo CO 

WOOOOOOOO 

zoo-oo  ®mmc' 

DOOiHCMCMC^fMCM 

o  d  o 


>0000000 
>♦0000000 
•  o  o  c  o  o  o  o 

1  o  o  >r  h-  cn  iH  u*. 

>  o  H  If,  o  r-  n-  N 


<00000000 

1-00000000 

-JOOOOOOOO 

LUOOO-4-r--fC>rHLn 

ooopHifivon-r-r'- 


a;  O  C5 


•-C  O  O 


to  O  O 


•HOOOOOOOOOO 

WOOOOOOOOOO 

<0000000000 

Z00>4T'-n'0C'0®0 
C-OOCMOC  0000-0 

^•••••••■•» 

to  O  O  (H  rH  f-| 


MOOOOOOOOOO 

♦-oooooooooo 
<0000000000 
3r:oo®®cr-®>4rM>o 
OOOCMOO’O'O'O  O'  o 

O  O 


o  o 


00000000 
II  00000000 

LUOOOOOOOO 

oocOkj-n-fOiHin 

zooHir*ONr'-n- 

. . 

or  o  o 


MOOOOOOOO 

WOOOOOOOO 

<00000000 

sroookj  n-fOr-iif. 

oooi-tu.or-n-r- 


1^0  0 


M  M  (M 
M  M  M 

M  M  o 
MOO* 
MO® 
Mon- 
•HO® 

M  o  m 

iH  O  >3- 
rH  O  CO 
M  O  CM 
•H  O  iH 
•H  O  O 
O  O  O’ 

o  O’  o 

O  O’  f'“ 
O  O'  ® 
o  O'  in 
o  O'  »r 

O  0  CO 
O  O’  CM 
O  O’  M 
O  O’  o 
o  ®  O’ 
o  ®  ® 

O  ®  h- 
o  ®  ® 
o  ®  in 
O  ®  ’4 
O  ®  <*0 
O  ®  CM 
O  ®  iH 
O  ®  O 

©  n*  o 

Of’-® 

o  f’-  n* 
on-® 
©  n-  in 
o  r*.  >4 
0.f’“  cn 

©  h-  CM 
©  n-  iH 

O  f*-  o 
O  ®  O’ 
O  ®  ® 

o  o  n* 
c  c  ® 

O  ®  ir> 
C  ®  ■4- 
©  ®  m 
o  ®  CM 
O  ®  •H 

c  ®  o 
o  in  c 
o  in  ® 
o  in 

O  'C 

o  in  un 

C  IT,  4- 

o  in  cn 

O  IT.  (M 

o  in  j 
O  lA  c 
e  nt  0 


0  4-® 
C  4-  IT; 


O  4-  CM 
O  -J-  r-« 
O  •4-  O 

o  cn  O' 

O  ro  ® 

c  m  r- 
o  m  o 
o  cn  in 
o  fO  4- 
o  m 

O  CO  CM 

o  cn  iH 
o  cn  o 

O  CM  O' 
o  IM  ® 
o  nj  f- 

o  CM  ® 
O  CM  If. 
o  CM  '4- 
O  CM  m 

o  rj  CM 

O  CM  rH 


O  ® 

o  iH  r- 

O  iH  ® 
O  If, 
O  r-l  4- 

O  T-l 

own; 
O  iH  w 
OHO 

000 
00® 
o  o  r" 
00® 
o  o  in 
00* 
o  o 
O  c 


Ct 

D- 


O 


D. 

I— 

ZD 

O 


Q. 

$ 

</) 


I 

cC 

CD 


O 

cr» 


o 

<c 

o. 


A-28 


f-i  (\J 
^  ^ 
•H  ^  O 
»-4  O  O' 
•H  O  00 
O 

O  'C 
iH  O  ITi 
O  'f 

i-l  O  fO 

fH  O  (SJ 
iH  O 
<-H  O  O 
O  O'  O' 
O  O'  CO 

O  o-  f'* 

O  O  'O 

o  O'  tr. 
o  o  >r 

O  O'  rn 
O  O'  fo 
O  O  -H 

o  o  o 
o  CO  O' 
o  CO  o 
o  00  r** 

O  CO  -o 

o  CO  tn 
o  <c  •T 
o  00  n 
o  CO  ro 
O  CD  ^ 

o  CO  o 
o  f-  o 
o  eo 
o  r-  r* 
o  N  >0 
o  N  ifk 
O  f*  '4* 
O  N  CO 
O  f- 
O  h* 
©NO 
O  ©  O 
O  ©  © 
©ON 
©  ©  © 
O  ©  itn 
O  ©  ^ 
o  ©  cn 

©  ©  f\i 

O  ©  fH 

o  ©  © 
o  ir>  o 
©  © 
o  ir.  N 

O  IT.  © 
O  kTi  b'^ 
C  Ifi  >4^ 

o  in  m 
o  in  ro 
o  in  .H 
o  in  o 
©  'J-  o 
o  >r  © 

O  •4-  N 
O  <“  © 
O  -4-  in 
O  *4-  *4- 

o  n 
o  c-  fU 
©  'J-  rH 
O  •4-  O 

o  m  o 

On® 

©  fO  N 

o  m  © 


©mm 
©  m  cj 
©  m  iH 
o  m  o 
o  csj  o 

O  CNJ  © 
o  rj  N 


O  r-l  o 

o  o  o 


o  ©  © 
o  o  in 


o  © 

O  O 

o  o 
fH  m 
m  CO 


o  c 
o  o 
o  o 


o  o 
o  o 
o  o 
m  o 
N  N 


G  O 
O  O 
©  C 
m  o 
N  N 


O  O 

o  o 

G  O 
m  o 
N  N 


O  O 
O  G 
O  G 
m  o 
N  N 


OOOOOOOOO© 

^OOOOOOGOOO 

<0000000000 

C*.00<MfHinN©<M0*H 

LuOOOiHrHOOmtHiH 

>•••••••••• 

bU  o  o 


coooooooooo 

ooocoooooo 

LjOOOOOOOOOC 

ZOOniminN©rjOr-i 

OOOOHrHOOiHmiH 


o  o  o 


•  OOOOOOOOOO 

ooooooooooo 
%  ooooooococ 

HOOC\ffH*HiHOm©U'. 

II  ooom^mco«^mm 

-  o  o  *  *  * 


<0000000000 

1-0000000000 

-JOOOOOOOOOO 

UJOOCMfHrHHOfOOin 

QOOom^mcM«4’mm 

©  o 


OOOOOOOOOO 
H  OOOOOOOOOO 
IHOOOOOOOOOO 
©OocMr-iiHmomoin 

sooom«rcnro«rmm 

. . . 

ci:  o  o 


woooooooooo 

NOOOOOOOOOO 

<0000000000 

s:OocjfH«H»H0'm©in 

oooofo>^mcM«3-mm 

bO  O  O 


OOOOOOOOOO 

-JOOOOOOOOOO 

<0000000000 

C.'OOOO'HfvjiHCJfHrH 

LJOOOOOOOOOO 

UJ  O  O  O  o 


OOOOOOOOOOO 

OOOOOOOOOO 

UJOOOOOOOOOO 

^OOOOiHOjfHPjmiH 

COOOOCOOOOO 

c  o  d  o  o 


•OOOOOOOOOO 
OOOOOOOOOOO 
OOOOOOOOOOO 
m  o  o  o  CM  ir.  If.  IT.  tfi  IT.  © 
II  OOOOOOOOOO 

Ujf.******** 

ai  o  o  o 


<0000000000 

l-OCOOOOOOOO 

^OOOOOOOOOO 

ujooocv)iftif\inmir»© 

OOOOOOOOOOO 

odd’** 


OOOOOOOOOO 
II  OOOOOOOOOO 
UJOOOOOOOOOO 
oooocMinirtbninin© 

zooooopoooo 

<•»•••••••• 

Ck:  O  O  o 


IHOOOOOOOOOO 
NOOOOOOOOOO 
<0000000000 
s:  o  o  o  w  in  w .  m  IT.  If.  © 
ooooooooooo 
^-^•••••••••* 

t/'j  o  o  o 


<  c 

CL  O 
UJ  O 


oooocoooo 

ooooooooo 

ooooooooo 

OOONO'4’'HrHf\, 
OONTOC  OO'C 


OOOOOOOOOOO 

OOOOOOOOOO 

UJOOOOOOOOOO 

20000^-0*4-^^00 

cooor'-©0'©©c  O' 


o  o  o  o 


•OOOOOOOOOO 

JOOOOOOOOOO 

OOOOOOOOOO 

ooooooc  ooc 
I  ooor-oooooo 


a:  o  o  o 


<0000000000 

NOOOOOOOOOO 

—lOOOOOOOOOO 

u;ooooooa  ooo 

OOOONOOC  OOO 


ooo 


OOOOOOOOOO 
II  OOOOOOOOOO 
UJOOOOOOOOOO 
OOOOOOOOOOO 
COOOh-OO  0-000 


CL  O  o  o  m  » 


•-•OOOOOOOOOO 

l-OOOOOOOOOO 

<0000000000 

20000000-000 

oooor-oooooo 

•-•••••••••a* 

VfOOO  »HtH  iHrHm 


OOOOOOOOOO 

-JOOOOOOOOOO 

<0000000000 

a.oooOf^OfH'4-©*r 

ujooooooooac 

UJ  o  o  o 


ooooooooooo 

OOOOOOOOOO 

LJOOOOOOOOOO 

20000mOm*3-©*J- 

COOOOO'O'O'O'OO 

O  o  o  o 


•OOOOOOOOOO 

JOOOOOOOOOO 

OOOOOOOOOO 

oooooo©co& 

I  OOOOOOOOOO 

^•••••■•••* 

:ooo  fHr-i  mm 


<0000000000 

moooooooooo 

-JOOOOOOOOOO 

UJOOOOOOOOOO 

OOOOOOOOOOO 

ooo  mm  m  iH 


OOOOOOOOOO 
II  OOOOOOOOOO 
UJOOOOC  OOOOC 
OOOOOOOOOOO 

2000000  a- ooc 

. . . 

ojOOO  mm  mm 


►hOOOOOOOOOO 
b-OOOOOOOOOO 
<0000000000 
20COOOOCCOO 
OOOOOOOOOO  0- 
^•••••••••* 

boOOO  mm  mm 


m  m  (M 
m  m 
m  m  o 
moo 
mo© 
m  O  N 
m  O  © 
m  o  in 
m  O  *»■ 
m  O  m 
m  o  cj 
m  O  -1 
m  O  O 

ooo 
o  o  ® 

O  O  N 

o  o  © 
o  o  in 
O  c  -  '4- 
o  a  fo 

O  O  IV 
O  O  m 
ooo 
ooo 
o  ©  © 
O  ©  N 
o  ©  © 
o  o  m 
o  ©  *r 
o  ©  m 
o  ©  nj 

O  ©  m 

ooo 

O  N  o- 
ON® 
O  N  N 
ON© 

o  N  in 
o  N  © 
o  N  m 

O  N  (V 
O  N  m 

o  N  O 
o  ©  o 
o  ©  © 

O  ©  N 

c  ©  © 
O  ©  in 
C  ©  *9- 

o  ©  m 

C  ©  f*J 
O  ©  m 
o  ©  o 
o  in  o 
on® 
o  If.  r- 

C  If.  © 
O  If.  4f. 
C  L'l  -tf- 

o  n  m 
o  n  (V 
o  n  m 
one 
o  .4-  O 
o  c  © 

O  -J-  N 
c  *?•  © 
o  *3-  n 
o  -j-  .^• 
o  *4-  m 
O  *4-  nj 
o  >4-  m 
O  sT  O 

o  m  o 
o  m  ©' 
o  m  r 
o  m  © 
o  m  n 

O  m  «J- 

o  m  m 
O  m  CM 


o  CM  O 
O  CM  o 
O  CM  N 
O  CM  © 
O  CM  if. 
O  CM  .4 
O  CM  C<> 
O  CM  CM 


OOO 

o  o  © 

O  O  N 
O  o  © 
O  o  Ifi 
O  O  -M- 
o  o  m 

O  O  CM 


A-29 


LISTING  A-4  SAMPLE  OUTPUT  FROM  PAM 


^  rH  O 

O  cr- 

o  CD 
O  r- 
pH  O  ^ 
iH  O  IT. 
rH  O  >S- 
•-tom 
>-t  O  C\J 
.-(  O  r-t 
•H  O  O 
o  o  a- 

O  O-  OD 
O  O'  h- 

o  o  c 

O  O  IT. 
O  C  •J- 

o  o-  m 
o  O'  fv 
O  O  f-i 
o  o-  c 

O  o  O' 
O  OD  CD 
O  03  f^ 
O  OD  .£ 
O  03  If. 

O  ®  'f 

o  eo  m 

O  03  M 
O  03  f-l 
O  CD  c 
C  r»-  O' 

o  r*  CD 
o  h-  r- 
o  r~  >0 
o  u^ 

O  h-  sr 
O  r-  m 
O  r-  (\j 

o  h-  ^ 

O  r*  c 

o  o  c- 

O  o  CD 

o  o  r^ 

C  W  c 
O  sO  L‘> 

o  < 
o  >c  m 
o  o  cs. 

o  r-t 


0  .0  c 

0  IT*  C 

00000000 

0  0 

0  iTt  ® 

-JOOOOOOOOOO 

0  u*.  f- 

<00000000 

c  u-,  c 

<*.'000«MCC(VC3^ 

r-  c 

0  ir,  m 

UJOOO^D^-^-^C•'C 

■c  c 

C  U',  V 

. . 

0  IT.  m 

UJ  0  0  0 

0  U.  <M 

u*. 

0  ITi  rH 

0  m  C 

0  -f  c 

coooooooo 

c  0 

0  -r  a. 

CDOCCOCOO 

liJOOOOOOOO 

0  .j-  < 

ZOOOtVKIVOO 

0  ^  L-'. 

cooocr>r'<5»c 

0  .j- 

0  <  m 

0000 

0  -c-  fJ 

0 

C  >r  rH 

0 

0  >r  0 

0 

0  fo  c 

•cooooooo 

c  c 

0  fo  c: 

ooocooooo 

0  m  r- 

noocooooo 

0  m  *C 

ooocvr-'socD'C 

«j-  r- 

0  m  iTi 

U  OOOCOC'O'O 

c^  0 

0  ro  -J- 

UJ******** 

0  ro  m 

z  0  0  c 

0  m  rj 

t-1 

0  rO  rH 

H- 

0  ro  0 

0  CO  O' 

<00000000 

0  0 

0  tv  CD 

1-00000000 

0  (V  N 

-JOOOOOOOO 

0  0 

0  (V  C 

ujooo(\jr'->o»o 

•tf-  f'- 

0  t\i  m 

QOOOCC-O-  C'O 

0  0 

0  C\J  .J- 

0  n'  m 

00c 

0  rj  fv 

N 

0  fO  rH 

0  CM  0 

0  rH  C 

00000000 

c  0 

0  *H  ® 

II  00000000 

0  0 

0  rH  r- 

U.-OOCOOOOO 

0  0 

0  rH  C 

C000CVf'-*C®0 

0  rH  U', 

zooocoooo 

cr-  0 

0  rH  .J- 

<*•■*•••• 

0  rH  m 

CL  C  0  C 

0  rH  f  J 

0  fH  rH 

z 

0  rH  0 

D 

000 

UHOOOOOOOO 

0  0 

0  0  CD 

♦-cooooooo 

0  0  h- 

<00000000 

0  0 

0  C  H3 

zcoorjh-ooc 

0  0  t-. 

COOOxCOOOO 

0  0  v- 

0  0  fO 

CO  0  0  0 

0  0  tv 

0  0  rl 

0 

OOCOOOOOOO 

-JOOOOOOOOOO 

<0  oo  ooooooo 
CLCOOcf'-^<‘<rfgc 
utOOOrsiPsimmDjroro 

>  •  •  . . . 

UJ  O  O  O 


ooooooooooc 

oooooooooo 

UjOOOOOOOOOO 

s:oooccr-^-r*J-rjo 

OOOOroMmmwfNjm 

o  o  o  c 


JOOOOCOOOO 
>00000  0-000 
>0  00000000 
>OOCDf-t^C-Olf.  L“> 
lOOrar-Nr-t'-r-r"- 


<0000000000 

f-oooooooooo 

«JOOOOOOOOOO 

UJOOOCDi-tOCOOirvlfv 

oooo<\ir-r-r-r-r«-r- 


ooooooooo© 

.jOOOOOOOOOC 

<0000000000 

o:ooOr-^^-c:^--.-^r-.C‘ 

iJjOOO.HOOO*-tOO 

. . . 

UJ  O  O  O 


00000000000 

OOOOOOOOOO 

UJOOOOOOOOOO 

ZOOOr-4^-CD^-W^•^C 

COOOwOOOr-lOC 


000 


OOOOOOOOOO 
II  OOOOOOOOOO 
U-OCOOOOOOOO 
OOOOcOi-i>ocooifvir. 
zooorJf-Nr-h-r^j^ 

. . 

a:  O  O  O 


►-•oooooooooo 
♦—oooooooooo 
<0  CO  000000c 
:::  o  o  c  CL  fH  CD  o  u.  irv 
oooof>jr^r-r^r-Nh- 
•—■•••••••••• 

fco  O  O  O 


0000 


•OOOOOOOOOO 

00000000000 
f.  o  o  o  o  o  o  o  o  c  c 

»HOOo.-iOif»(\jo<C'r' 
II  OOO^m^rn.^-f'jfo 

UJ********** 

C  O  O  o 


<0000000000 

1-0000000000 

-JOOOOOOOOOO 

ujooo»-iom<\jocof'' 

oooOr-irn^pO'rc'jCM 

000 


OOOOOOOOOO 
H  OOOOOOOOOO 
UJOOOOOOOOOO 
C>OOOr-»Oir»rsJO03f'- 
ZOOOiH«n%rrn.?-rgCs; 
<•***•*•«*• 
£t'  o  o  o 


•-•OOOOOOOOOO 

K-OOOOOOOOOO 

<0000000000 
z  o  o  o  fH  o  u*-*  cnj  o  CD 

ooooiHm>}‘fn'4-fsj<M 

I-4********** 

c/1  O  O  O 


OOOOOOOOOO 

-JOOOOOOOOOO 

<oc-ooco©ooc 

tuOOO  0«— tOi— li— t  r-lC 
UJOOOOOOOOOO 

>»*•••••••* 

LJ  O  o  o  o  o  o 


coooooooooo 

ccoooooooc 

UJOOOOOOOOOO 

ZOOOOi-IOrHt-lr-tO 

DOOOOOOOOOO 

00000  O  o 

o 
c 
o 

•oooooooooo 
00000000000 
00000000000 
fO  o  C  O  O  U->  c.  >0  C  L-, 

II  OOOOOOOOOO 

LU’  ***•••*•»* 

E  O  O  O  O 


<0000000000 

l-OOOOOOOOOO 

-JOOOOOOOOOO 

uJOOOOiri>rcD<ciCu“i 

QOOOOOCOOOO 

0000 


OOCOOOOOOO 
II  OOOOOOOOOO 
UJOOOOOOOOOO 

00000  U'^-C'CDCClTi 

ZOOOOOOOOC'O 

. . 

c  o  o  c 


*-*0000000000 
♦-oooooooooo 
<0000000000 
ZCOOOtf,  <Q3C>Olf. 
coooooooooo 

t/O  o  o  o  c 


-H  O  o 

*u  o  ® 
-u  o  r- 

O  •£) 

o  u. 

1H  O  J- 
•-I  o  m 
I-I  o  IV 
1-4  O  -< 

-H  o  o 
o  o  c^ 
o  o  c 
o  o-  r- 

O  O'  o 

o  c  -  irv 
O  O  sT 
O  o  ro 

o  O'  (V 

O  O  -J 

000 

000 

O  w  cc 

o  ®  r- 

O  ®  N& 
O  O  If* 

o  to  < 
O  »  m 
O  CD  fL 
O  ®  -I 

o  ®  c 
©  r-  o 
O  r-  a 
o  r-  r- 
o  r*-  so 

O  f*-  ITi 
O  r-  <!■ 
o  r-  m, 
O  N  rj 

o  r-  ^ 
O  N  o 
o  o  o- 

O  *£>  03 

o  vO  r- 
C  >0  c 
O  C  L', 
C  sO  ^ 

o  c  m 

O  sD  fu 
O  C  .-1 

c  c  c 

o  iTi  o 

O  U'\  Cj 
O  U'\  h- 
C  ir, 

O  IT*  ITi 
C  IT.  j- 
O  m 

O  ITi  fV 
O  IT,  -I 
O  L-'.  O 

O  N-  o 
0  <  c 

O  <  N 

o  <0 

O  -J-  U*, 
C  sT  c 

o  •J“  m 
o  <5-  rj 
o  >r  ■“* 
o  >r  o 
O  m  O 
O  m  CD 

o  m  r- 
o  fo  o 

o  m  IT, 
O  m 
o  m  m 
o  m  fvj 
o  m  <-1 

o  m  o 
o  ru  0- 

O  rj  CD 
o  rj  N 
O  CV  c 
O  fsj  in 
O  rj  •J- 
O  fs;  ro 

O  (M  fj 
o  cv  *-1 
O  tv  c 
O  fH  0- 
CMC 

o  -t  r 

O  <H  C 
o  I-I  lf> 
O  rH  nT 
O  fH  fO 
O  i-t  DJ 
O  rH  r-l 

O  «-l  o 
000 
00® 
o  c 
o  c  c 
o  o  u*. 
o  o  < 
o  o  m 
o  o  <v 
O  O  .-H 


A-30 


LISTING  A-4  SAMPLE  OUTPUT  FROM  PAM 


APPENDIX  B 


I STING  AND  SAMPLE  CASE  OF  PRBLOS 


B-1 


APPEr^DIX  B 


LISTING  AND  SAMPLE  CASE  OF  PRBLOS 
This  appendix  contains: 

(1)  A  listing  of  the  FORTRAN  code  for  the  PRBLOS  program. 

(2)  One  set  of  sample  inputs  for  PRBLOS. 

(3)  One  sample  runstream  for  PRBLOS. 

(4)  Sample  output  created  by  running  PRBLOS  with  the 
sample  input. 

Note:  The  column  numbers  included  in  some  of  the  listings 
in  this  appendix  are  not  a  part  of  the  program  code,  the  data,  or  the 
output,  but  are  included  only  for  the  reader's  convenience. 
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CASE:  CLOSE  TERRAIN:  RANGE  BAND  FROM  ZERO  TO  2000  METERS 
TGTVEL-  3.0000  CT=  15.0000 

PRIV  array:  NIV=  11 

0*0000  .1000  .2000  .3000  .4000  .5000  .6000  .7000 

.8000  .9000  1.0000 
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CASE!  CLOSE  TERRAIN!  RANGE  BAND  FROM  2500  TO  OORO  METERS 
TGTVEL=  3.0000  CT=  15.0000 

PPIV  ARRAY:  NIV=  11 

0.0000  .1000  .2000  .3000  .AOOO  .5000  .6000  .7000 
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APPENDIX  C 


LISTING  AND  SAMPLE  CASE  OF  PREPMS 

This  appendix  contains: 

(1)  A  listing  of  the  FORTRAN  code  for  the  PREPMS  program.  In 
addition  to  the  routines  in  this  listing,  PREPMS  also  uses  the  functions 
IDCHAR  and  NUMRIC  and  the  subroutine  RENAME  which  are  included  in  the 
COPE  listing  in  Appendix  D. 

(2)  One  set  of  sample  inputs  for  PREPMS. 

(3)  One  sample  runstream  for  PREPMS. 

(4)  Sample  output  created  by  running  PREPMS  with  the  sample 
input  (and  with  the  records  created  by  the  three  sample  cases  of  PAM 
already  written  to  TAPE  11). 

Note:  The  column  numbers  included  in  some  of  the  listings  in 
this  appendix  are  not  a  part  of  the  program  code,  ttie  data,  or  the  output, 
but  are  included  only  for  the  reader's  convenience. 
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OOOOOOOOOOOOOOOOOO 
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fn  CD  •  O  lA  O 

•  iH  O  u>  iH  AJ 


o-  o- 
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©  ©  rri 

O  O  O 

OOOOOOOOOOOOOOOOOO 


ro  ♦T  ©  fO  ©  ro  ro 

O  AlOOr-  Or-i  0»-tf-i0  c 

©OAJOf-iOOOOOOOOOOOOOOOOOO 
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■-I  fH  0? 


1-4  0  0' 
I~l  O  CO 


fH  O  © 

F^  o  m 

fH  O  AI 
F^  O  F-4 
fh  O  O 
O  O'  o- 
O  O'  CD 
O  O'  f"- 

o  o  © 

O  O  lA 

o  o  © 
o  O'  cn 
o  o-  a; 

O  O  I-* 

O  o  c 

O  CO  O' 

o  CO  CO 
o  CD  r- 
o  CO  © 

O  CO  lA 
O  CO  © 
O  CO  ro 
O  CO  AI 
O  CD  fH 

©  O  o 
O  A*  c- 
C  D-  « 
O  A-  h- 
C  N  © 

o  rw  lA, 

O  A-  -«• 

o  m 

O  A-  A 

o  F^ 

O  A-  O 

o  ©  o 

O  ©  CD 
O  ©  N 

o  ©  © 

O  ©  u*. 
O  ©  © 

o  ©  n 

O  ©  A 
O  ©  pH 
O  ©  O 
O  U-.  O 
O  lA  CD 
O  lA  A- 
O  L'.  © 
C-  IX.  If. 
O  Ifi  © 
C  IS-,  r*. 
O  lA  A 
O  L-.  *H 
O  ifi  o 


O  If. 
O  ©  sT 

o  c-  r-. 

O  ©  A 

C  .0-  F-4 

c  ©  o 
o  m  o 
o  m  CD 
O  ro  r- 


O  m  ro 
O  ro  A 


O  fO  pH 
O  rA  O 
O  A  O' 
O  A  CC 
O  A  A 
O  A  © 
O  A  lf» 
O  A  © 

o  A 

O  A  A 


O  A  1-t 
O  A  O 
O  fH  O 
O  r-t  Clj 
O  i-H  A 
O  fH  © 
O  iH  IT. 
O  fH  © 

O  1-4  n*! 
O  F-<  A 

O  --I  iH 
O  fH  C 
O  O  o 

O  O  CD 
O  O  f- 

o  o  © 

O  O  U-. 
O  O  "J 
O  O  fO 
O  O  A 

O  O  1-4 
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K  O  rH  CO 

tn  O  •-<  N 

»-<  <  o 

►-  o  rH  in 

<  O  H  -tf- 

O  O  O  r>(  ro 


?  O  fM  C\J  Ci. 
:>  O  rj  oj  a:  o. 
^  O  UJ 

K  UJ  Z 

j  CO  fo  fn  a; 
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o  < 
<  a. 

•  V) 

c  S 

<  Z 
CO  O 


z  <  c. 


u*.  z 

UJ  UJ  )• 
CL  O'  * 

<  u: : 


O  O  Cj  V 

o  z  > 

UJ  ^  <  : 

a:  CO  I 


ft.  ^  — 
<  «  •- 
c-  c. 


J  Z  Z  i 
H  C  tJ  » 
_  UJ  HH  : 


CL  ^ 

u.  < 

CL  CJ 


_J  CO  W 
<»-<>- 


O  CL  Z 
►-  CT  Z 
L.  a: 


O  UJ 
O  CL  CO 
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LISTING  C-3  SAMPLE  RUNSTREAM  FOR  PREPMS 
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APPENDIX  D 


LISTING  AND  SAMPLE  CASE  OF  COPE 

This  appendix  contains: 

(1)  A  listing  of  the  FORTRAN  code  for  the  COPE  program. 

(2)  One  set  of  sample  case  inputs  for  COPE. 

(3)  One  sample  runstream  for  COPE. 

(4)  Sample  output  created  by  running  COPE  with  the  sample 
input  (and  with  the  TAPEl 1  created  by  previous  PAM  and  PREPMS  sample  case 
runs).  The  output  produced  on  TAPES  by  this  run  (for  cases  1  and  2)  is 
included  in  Listings  7-1  and  7-2  of  section  7.6. 

Note:  The  column  numbers  included  in  some  of  the  listings  in 
this  appendix  are  not  a  part  of  the  program  code,  the  data,  or  the  output, 
but  are  included  only  for  the  reader's  convenience. 
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^  £  to  <  C 
X  LP  liJ  -> 
UJ  UI  Z  C 
Z  X  «  C  u. 

f-  •-  UJ  C 

UJ  to  •. 

Z  Z  J-i  CO  o 
»—  O  «j  UJ  Z 
CL  LL 


<  z  z  z 

UJ  Z  UJ  UJ 

O  z  z 

CD  U)  Z  Z 
D  UJ  O  C 
”3  <  UJ  U> 


UJ  z  z 
^  z  z 
L-.  O  o 
a  u>  u> 


c-  Z  z  >-  » 

»-  z  CL  : 

a  O  D  O  t 
O  UJ  U)  U)  t 


;  z  z  I-  z  z 

I  O  o  I-  c  o 

u>  u;  <  UJ  UJ 


UJ  tu  I _ _ 

<  Z  Z  z  ' 
t-  Z  Z  Z  I 
f-  O  D  O  I 

<  UJ  U)  UJ  • 


<□00 
J  O  U>  UJ 


<  f-  »-  o. 

f-  z  ^ 

•vUJ  LU  f- 

a  z  Z 
-J  z  z  o 
o  o  to 

a  UJ  UJ  .J 


Z  z  z  a  z 

UJ  Lu  UJ  a  tu 

Z  Z  z  a  z 
Z  z  Z  >  z 
D  O  O  •<  □ 
UJ  UJ  u>  to  UJ 


< 

LU 

q: 


CO 


CO 

I 

Q 


D-86 


UJ 

D. 

O 

O 


2: 

o 

a: 

LU 


Q- 

I— 

=> 

O 


< 

to 


I 

Q 


f-  O  LJ 
^  O  CO  ^ 

UJ  o  D  c 
IC  -J  •> 
C  UJ  (-> 

o  z  ..UJ 
tu  C  ^ 
10  to  Z 
<  to 

u*  i>H  Cfe  o 
luJtjiC- 
t-  I-  X  ::  •« 
V-QiH- 
t;  <  a  c  £ 
ut  «4  UJ  u  ^  : 
u.  v>  3;  <  ^  I 


UJ  -<  UJ 

p  <  < 

C  X 
to  O 

UJ  Ul  C 
Cj  C.  £i.' 
I-*  c 
a:  o 
o:  ui  UJ 
UJ  SJ  u 
>  < 

□  Z  UJ 

to  o  f— 

3  o: 

O  a  ui 
^  o  a." 

^  UJ  c 

O  ct:  u. 


t  Z  u.  t->  »- 
S  C  u.  Uj- 
:  _j  c  u  X  to  h 
C  m.  .,0»-X- 

:  c  o:  1-^  c 

C  X  UJ  a;  3  UJ  L 

_  w  »-  cu  X  t 

•»ujZuj<H' 

J  •,  t-H  >  £-  I 
~  ^  a:  o  <  UJ  £ 
-i  C  O-  CJ>-  * 
>  a:  •>  UJ  O  ( 


,  X  to  to  Z  D  ^ 


to  it: 
^  o 
<£  O 


•*  D  H  Z  t^ 

UJ  a:  X  UJ  t-* 

l/)  O  •«  Ui  Cl  Cj 

<  O  U!  ^  Cl  C  i 

tj  cj  c,  X  a 

«\j  c  ui  «_>  •*  in  t 

^  Z  X  o  a.  • 

J  X  £3  to  »-  a  z 

:  UI  L  o  uj 

j  z  »  -J  *»  t- 


UJ 


f\J 


I  z  z 

V  UJ  X 

^  a-  lZ  £3 

Z  UJ  -w  z 

o  o.  cu  o: 

u>  >-  £t  X 

c.  o  z 

>  •©  to  X  o  to 

*  •t-ih-tOtVJ  *.0 
5  X  UJ  Ui  •.  Uj  •-« 

5  I-  o  oc  u>  ac:  •. 

>  o.'  z  X  o£ 

H  <t  U.  X  Z  CD 

^  o  £»:  to  ^ 


00  •.%-  z 


X  > 
UJ  CD 
>  I- 


;  o  < 

.  C4  3  t- 

s  •  c 
J  •.  O  L 

H  J  ^  to  • 
to  o  t 
:  X  a:  : 
■)  o  o-  « 


>  C  X  I 
4  z  UJ  t 

)  lu  z  ( 
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LISTING  D-4  SAMPLE  OUTPUT  FROM  COPE 


target  *  *  DETECT,  CtlHHQ,  AND  PROC  TIMES  *  ♦  WEATHER 


CL  Z) 
LU  O 


I/)  o  •>« 
UJ  Ui 
•-H  aj  00 


OO  UJ  C, 

d  r>  «£. 


«■  <«■  «•  «- 


■*  S  If'  O' 
•<  * 
•  Co  o- 


S  kM  w  < 
kM  o  c  .» 

f-  »-l  < 

^  (/O  O 


o  < 
a:  o  »- 
c  c  z 


Ow  O 

•-4  UJ 

O 

•-H  O 


C.  C 
o 

>-  I 


t-i  o  >- 
Q.'  < 

d  o  o 


e.  feo  H-  z 
to  m  u>  a 

UJ  UJ  UJ  < 
d  w  a.  ^ 
J  UP  d 

:  -j  z  a  a 

H  <  to  UP  o 
d  CD  d 

z  c  o  o 
C  Q.  CL  a: 
z  O'  c-  d 


o  o  »>• 
l-f  z  < 
to  < 

UJ  a:  o: 


o.  X  *-1  to 
>-  <  <  u. 
Z  CG  Cl 


CL  O. 
C.  Cl. 
O.  CL. 

z  z 

to  to 

o  cc 

o  c 

a.'  CL 
u.  o. 


t-H  UJ  O 
Z  UJ  rH 
UJ  UP  OJ  • 


>  •  UP  I 

:  O  UJ  ( 

j  O  c\j  to  : 


Ul  UP  UP  t"!  u 

>zocu- 

<  — J  <  CL 
H-  UJ  UJ 
D  to  >  Z  UT 

<H  1-4  m 

CL  O  ►-  K  H- 

UJ  UJ  UJ  UJ 

UJ  CD  Z  O  O  (D 

C-  Z  <  cc  CL  CL 

>■  Z  u-  <  <  < 


■  II  O  P-4 

>-  Z  m 
)  h-  Z 


Z  ui  3:  »- 


O  O  II 
CL  UJ  ti 

<  o  < 


:  <  UJ  I 

►H  UJ  . 

.^31 


1  ■  CO 

4  Z  lf> 

J  Z  fvj  Z 


«  03  Z  UJ  UJ 

*■  Z  Z  E  Z 

•fr  Z  O 

■»»•  ►-  *  -K-  ZCL^h- 


z  UJ  u, 

«J  — I 
E  O  U. 

D  E  U. 

Z  <  O 

•R-  *  *  -b 


LU 

Q_ 

O 

O 


o 

Qi 


=5 

Q- 


O 


UJ 

-J 

D- 


< 

LT) 


I 

O 
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nCCASIOMS  (10000) 


*^lf\  K»0  o 

tr\  <o  o*  ^  'O  O' 

.y  •  OO  0-*  1-1  • 

•  O  *0 

mif\  0.-I  <-Hif»  o  O' 


K*  O  ►?  iTi 

O  •  O'  fO 

o  o  -r  • 

•  o  • 

o  .H  or" 


¥f  ►?  K»  K 
(D  >0  o  c 
ir.  r-  fsj  i-< 


m  »'?  O  «fv 

f\j  if\  O  • 

^  •  o  o  o  • 

•  ifs  *0  •  'T 

O  r-«  #H  *0 


K*  'X)  r'- 

O'  O'  >0  O' 

o  •  *r  • 


K  ►?►?►?© 
eg  m  m  p“  *-H 
o  r-l  lf» 


•-»  fcc  **»  ►? 

►f  o 

o  •  fo  t- 

o  o  to  • 

o  •-<  t-i  <0 


-"Vi  b : 

►?  If.  ►r  » 

.c  ©  tf» 


»<  ^  K* 

►f  m  ►?  o 

fsj  fo  «}■  .O 


K'  K*  K®  b-?  IT 

fo  ro  o  o  u.' 

•  •  •  •  a. 

•H  r-l  O  (M  S: 

pH  iH  h-  (- 


—*  K 
•'?  fg 
♦  "O  w 

•«■  O'  • 

*■  <*'<  •  -c 

«  o  o:> 


•-*  K  —  K- 

►?  O  ¥$  O 

O  •  'f  O' 

o  c  c  • 

•  o  •  ^• 

O  rH  rH  >£1 


-*  »C  K 
£  K  e- 

iTi  m  fo  o 


JK*  —  K 

K  m  bc 

^  h-  »J-  i-H 

o  •  N  • 

•  C  •  'C 

a  o  o  ^• 


O  ^  HT  ^ 

O  O'  o 

'O  1H  <£ 


►:  K"  K  b* 

rj  fH  o  tf' 

m  iH  CO  c 


O  O  Cr  o  o  © 


to  !✓>  I/J  to  l/J 


I/O  t/>  to  to  <— 


K* 

to  ►?  h* 

I-  CSJ  w 

o  £  ♦ 

~  fsJ  •  i-> 

O  O  O 


—  b-f  ^  K 

¥9  0  ¥9  t" 

c  •  CO  o 

O  ©  • 

•  o  »  eg 

©  «H  r-i  r- 


-"¥9 

¥9  t"  ¥9  t" 

©  m  iH  -j" 

IH  •  ©  » 


—  K'  -*  K 

K  ««“  ¥9  0 

i-H  N  CO  © 


►?  K  bs»  K 
h-  O  sT  -J-  II 
g*  ©  O  lf> 


—  *■:  —  b^ 

bC  bC 

in  r-  ©  eg 

t-i  ♦  e-  • 

♦  e-  •  fo 

O  o  f-*  b' 

in  eg  ©  e- 

f-tt'-  r-  in 

©  pH  © 


K  K  b‘  t-> 
if»  c  ©  e-  — ' 
sj-  g-  ©  ca 


o  O  1-0  -t  c 

0.'  ui  c  uj  »■■«  t 

<  to  Z  to  t 


1-1-  Ob-  I—  ^ 

C  t'>  LJ  I'')  O  t 

Z  ui  ©  Ui  ca  I 

♦-  <  I-  1 


o  z  o  z 
z  z  z  o 
o  z  o  z 


LISTING  D-4  SAMPLE  OUTPUT  FROM  COPE 


type  1  *  *  PARAHETEPIZED  RESPONSE  TIHE=150.  SEC  ♦  +  MONTH  OF  JUN 

NHHBEP.  OF  VEHICLES  =  10  *  +  PRIORITY  PRE-PLANNED  TARGET  *.  *  TIME  OF  DAY!  OhOO 

MEAN  distance  between  vehicles-  M.H  ♦  +  DIGITAL  CDHHD  +  ♦ 


< 


< 

O 


UJ 


o 

>o 


l/T 

ir, 


o: 

D 


O 

o 

o 

o 


o 

o 

X 

o 


***■*■*■*,* 


s  irv  c 
<  r-  • 
•  a.  o 


Z  X  X  C  « 

C  U>  11.  « 

^  in  t—  z  « 

to  CO  w  ct  * 

iU  LU  U.  UJ  <  «■ 

X  a:  cj  CL  X  « 

►H  c->  ct  •«■ 

»-  _j  X  c  c  ♦ 

<  to  <_)  C!  « 

t-  z  *■ 

X  03  cQ  e:  « 

O  X  a  c  c  «- 

•-H  O  Cl.'  CL  a: 

X  Z  O.  Cl.  C.  «- 


Z  X 
<  lu 
ft:  •  o 

o  < 

ft;  o  h- 
O  O  X 
>-1  < 


O  O 

s  < 
to  < 

UJ  CL  CL 

d  c 
*-  t- 
<SJ  X  X  •< 


ft.  X  P-H  to 
>-  <  <  Uj 

►-  X  o  c. 


ft:  o 
l-«  UJ 
O  ft: 


ft:  ft! 
ft.  ft 
ft.  ft 


CO  cc 

O  cr 

CL  ft' 
ft  ft 


•K-  *• 


to 

UJ  o 
UJ  .H 


•  o  > 

ro  I— 

ii  t- 

>-  tl  o 
t-  O  Uj 
*-l  X  _J 
U)  l-l  u. 
C  o  u. 

—I  <  CL 
Uj  u.' 

>  X  tCT 


* 

■» 

* 

* 

■tP 

•R- 

« 

•»P 

«■ 

•» 

* 

* 

* 

* 

•R- 

« 

■R 

•R 

•R 


X 

X 


P-  ♦-  I-  -R 

UJ  UJ  U.'  « 

O  O  CD  R 

ft  CL  CL  -R 

<  <  <I  R 

P—  H-  R 

■R  "R 

•R-R-RRRR*R-R«.RR 


R  R  R  R  "R  R  ♦  ' 


R  R  R  R  R 


j  >0  PsJ  to  X 

V  < 

C  •  H  O  cL  I 


J  *-<  O  »  CL  I 
:  -j  ft: »-  <  ) 
5  t-H  XI- 
3  03  X  CJ  I 

:  <  UJ  ►-!  X  I 

►H  UJ  X  I 

.  S  ft  o 


03  X  UJ  UJ  P-^  _J 


X  X  O  ft 


R  R  R  R  R 


ft'  I-  ►-  X 
R  R  R  R 


<  X 
R  R  H 


R  R  R  R  R  R  . 


X  V- 
tO  l-H 

to  to 

<  X 


R  R  R  R  R  R  R  • 


:  <  X 
5  H  < 
J  < 

:  o  o 

•I  UJ  pH 
ft  » 

-4  ft  n 
c  -J 


'  >  ft 
O  H 


wt  o:  to  r-t 


C  UJ  X 
X  UJ  ft 
U>  CL  ft 


ft  ft  ft. 

X  o  c 

U>  UJ  u> 
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LISTING  D-4  SAMPLE  OUTPUT  FROM  COPE 


o  o  ® 

o  •  O  •  IT*  O 

o  o  o  o  «o  • 

•  o  •  o  •  ® 

o  iH  O  ^ 

o  <0  O  CD  iTl  CD 

rj  rvi  o  CNJ 

^  ^  oj  >r 


— .  ►«  —  ►? 

Pi  to  K* 

1ft  O'  ®  >0 

o  •  ^  • 

.  ^  •  ® 

o  o*  o  ® 

Ift  (*>  ®  ® 


-*  ►?  —  *S» 

►f  r-  ►«  « 

CO  iTl  #H  f«* 

O  •  C\J  • 

,  CO  •  "T 

©O'  O  ® 

CO  O  rH  to 


Pi  PS  PS  K' 

•H  ®  ^J  O 

ift  O'  O'  • 


O  -J- 

o 


o  o 

•  o 


K*  — 

®  fo 
>T  'O  O'  «0 


^  Pi  —  ►? 

K  o  »'«  'C 

O  •  O'  ^ 

o  o  • 
•  O  •  f'" 

o  o  ® 


►?  O' 
®  IT) 


►?  IT* 

m  ift  >0  o 

ft.  ®  o  • 

•  •  •  o 

cj  f*-  o 


o  o 

•  o 

o  ^ 


®  ® 
<>J  «s» 
CJ  •3- 


-*  ti 

PS  K 
CO  r- 


p* 

PS  If' 
ir\  <c 


ft?  ft?  ft?  ^  ^- 

ff'  O'  M  O  IJ- 

®  O  1"“  • 

•  •  •  D  O- 

r-J  'S'  O  S 


o  c 

UJ  cu 
ir>  v< 


<o 

o  o 


o  o 

•  o 

O  *H 


K  CO 
CO 

o  • 

•  •c 

O  O' 
®  CO 


^  ft?  ^  K  K 
►?  O  ►?  f’'’  K  C 

O  ,  .J-  IH  ®  O' 

o  o  ro  •  ®  * 

» c  *  <£>  *  o 

o  fH  O  ®  o  'S' 


ft?  ft?  K  K 
,H  'T  Ifl  o 
o  ft-  fsj  t 


^  ^  ® 


t/^  cn  i/0  cn 


ere 
D  5  2 


—  K 
K  o 
©  • 
o  © 
•  © 
©  fH 


o  ®  o  ® 


^  ft?  — ' 

ft?  ©  ft^  ■4' 

o  •  ©  ® 

o  ©  ©  • 


0  CD 
® 

.-i  -J* 


--ft?  K 

ft?  m  ft?  (sj 

c  ^  »r. 


—  K»  K' 

ft?  O  PS  CO 

w  ift  m  fo 


—  ft? 

ft?  o 
CO  to 


PS  PS  Pi  ft? 

m  pH  o  C  II 

•  •  •  ©  c 

.r  ©  o  = 


a 

©  X 


©  o 

•  © 

O  pH 


—  ft?  —  ft^ 

ftC  ®  ftC  IT. 

o  ©  fsj  ® 


CO  © 
ft-  pH 
pH  >4- 


— '  ft? 
ft?  'S' 
CO  o 


ft-  fto  ft?  I/- 

ro  O  o  ©  — 

©  CO  in  •CO 

•  •  •  o  c 

©  pH  c  o: 

l-l  CO  pH  0- 


UJ  o  «-  o 

o;  UJ  1  UJ 

::>  (o  *-*  v> 


UJ  P.  p* 

o  c.  t  ® 

^  UJ  C  UJ 

<  S  fto 


PH  PH  C  Z 

c  I 

>  (/^  ©  o: 

PH  U)  PH 

X  s:  -»  u 

H-  ftO  ftH 

D  z  <  D 

eg  ^  ^ 

w  a: 


I 


z  »-- 


a.'  -p 

pH 

o  o 


.  ^  ®  — 

4  0  Ct  o 


®  0.1/^  Z  Dl  *-ii/0 

z  ^  UJ  UJ  ui 

Z>  o  I-  oi  ♦-  o:  H* 

z  DO 

I—  tt  ft-  q:  ft-  o? 

o  to  U-  ^  UJ  Ui 

z  o  ®  z  ©  ^ 

S  -I  z  os  os 

o  s  ^  2 

e^  fto  z  DO  z  </i  z 


LU  O  ®  O 

u<  u 

ft-  Q  U- 

O  (/'i  UJ  l/l 

z  UJ  O  UI 

»-  <  K 

o  o 

PH  ct'  z  a: 

o  UI  UJ  UI 

CD  CD 

o  z  o  z 

Z  3  z  S' 

=.  z  s  z 

c  c 


o  — 

pH 

o  o 


CO  u 
K 
ft- 

pH  al 


it  UJ  II  II 

z  D-  S 


J  ^  -J  P''  ^ 

J  -J  -J  to  ©  > 

1-4  PH  PH  O  z  ex: 

^  ^  ^  J  f  i  z 

^  ^  '  t/1 

e£  CO  ®  ®  ® 

Q  O  O  O  C  Cp 

o::  Ui  D^  ^  ti?  © 

o.  cu  u.  D-  C-  f— 
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LISTING  D-4  SAMPLE  OUTPUT  FROM  COPE 


NUMBCP.  OF  RFPlICATrONS-lOOOO 


<  Z  < 

t-H  Cl 

a:  <  s 


•*♦••»•*♦** 


»-<<•-*<  t 

cli  f-  >-  r: 
C  »-f 

e  >-  =  ( 
a:  ►-<  <  D  < 
a  cj  7:  I 


<— <  3^  ^2'  <> 

o  az 

z  I  <s> 


uj  q: 
>  uj  o 

in  tu 

>0  z  •«%  o  ; 


^  >-  (- 
^  h-  <  c. 
z  o  c 


UJ  (_}  CJ  h-t  L 
>  Z  C  Ci  L 
<  ^  <  c 


UJ  c.^  ^  O  O  ( 
c.  z  <  a:  a:  1 
>“Zu.'<<. 
H-  Z  Z  K-  V-  » 

•Jt  -i 


•**♦*«*** 
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LISTING  D-4  SAMPLE  OUTPUT  FROM  COPE 


D-95 


L 


PPIORITY  PRE-PLAMttFD  TARGET 


•P- 

* 


*■ 


ism® 
<  r-  • 
•  a:  &■ 


U  <  U  (U 
UJ  h-  </> 

z:  •-<  uj  < 
W  O  — ( 
»-•-<< 

O  to  c 


to  . 


to  ♦■ 


z  o  s  a  * 

a  c  u.  * 

z  a.  to  h-  s  -If 

z  to  to  w  Q.  ♦ 

O  UJ  UJ  Ui  <  4^ 

o  a:  a;  2c  « 

Lu  a;  -p- 

-I  E  -.  =>  C  c  + 

■<  PH  <  C)  c  ^ 

s  * 

►H  PH  o  £E  CO  ♦ 

o  >-  s  c  a  c  -t 

►H  <  c  a:  q:  CL 

Cl  C)  z:  c.  a.  *■ 

*-  * 


O  « 
or  O  * 
o  o  : 


z  o : 

z  I  t 


>-  <  <  I 
t-  Z  Gi  i 

•  *■  *  *  -I 


^  ffi  CC  4p 

O  «■ 

t-  O  C  « 

<  UJ  LU  « 

z:  to  VO  4f 

O  to  to  «• 

•H  UJ  tu 

to  a:  a:  * 

u-  o.  a  < 

C  C.  C-  41- 

Z  Z  * 

to  to  4E 

«- 

CO  CD  « 

c  c  < 

a;  £t  « 

0.0-  4e 
4P 

•  4t  4t  4P  41-  *  4P 


LU 

Ci- 

CD 

O 


CZJ 

o 


41- 

4P 

•fr 


•fr 

4E 

4f- 


4J- 

«■ 

■fr 

4>- 

4f- 

4P 

4>- 


C 

o 

o 
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APPENDIX  E 

NOTATIONAL  CONVENTIONS 


In  chapters  4,  5,  and  14  of  this  report,  the  content  of  input 
cards  is  sometimes  displayed  with  underlining.  This  underlining  serves 
only  to  distinguish  that  which  goeson  the  card  itself  from  the  remainder 
of  the  text;  no  actual  underlining  is  punched  on  any  of  the  input  cards 

themsel ves. 


Items  which  are  displayed  in  capital  letters  (with  underlining) 
in  the  description  of  a  card  type  are  to  be  copied  literally,  letter-for- 
letter  onto  the  input  card  of  that  type.  Items  displayed  in  lower  case 
letters  represent  positions  on  the  card  at  which  substitutions  are  to  be 
made  either  from  a  list  of  allowed  alternatives  listed  (in  capital  letters) 
in  the  descriptive  text  or  by  supplying  an  appropriate  numerical  value. 

In  the  lists  of  character  strings  allov/ed  as  substitutions  for  option  words, 
only  the  underlined  (capital)  characters  are  used. 


Similary,  in  chapter  7  where  various  messages  and  error 
are  described,  the  capitalized,  underlined  part  is  printed  as  shown  (but 
without  the  underlining)  whereas  the  lov/er  case  part  describes  or 
substitutes  for  text  which  may  vary  from  occasion  to  occasion. 
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APPENDIX  F 


GLOSSARY  OF  ABBREVIATIONS 


BCS 

Battery  Computer  System 

CDC 

Control  Data  Corporation 

COPE 

(1)  Combat  Operational  Performance  Evaluation 

(2)  COPPERHEAD  Operational  Performance  Evaluation 

DMD 

Digital  Message  Device 

D.O. ,  DO 

(1)  Designator  Operator 

(2)  DO  as  in  FORTRAN  DO-LOOP 

DT  II 

Development  Test  II 

FDC 

Fire  Direction  Center 

GLLD 

Ground  Laser  Location  Designator 

HE 

High  Explosive 

IMSL 

International  Mathematical  and  Statistical  Library 

LDWSS 

Laser  Designator  Weapon  System  Simulation 

LOS 

Li ne-of-Sight 

LTD 

Laser  Target  Designator 

MULE 

Modular  Unit  Laser  Equipment 

OT  II 

Operational  Test  II 

PAM 

Probability  of  Acquisition  and  Maneuver 

PE 

Probability  of  (Seeker)  Engagement 

PRBLOS 

Probability  of  Li ne-of-Sight 

PREPMS 

Preprocessor  of  Mass  Storage  File 

TLE 

Target  Location  Error 

USAFAS 

US  Army  Field  Artillery  School 
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